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PREFACE TO THE SECOND EDITION 

Since the publication of the first edition of this work in 1940, marked 
advances have been made in the subject by numerous investigators in 
many countries. The increase in interest in this field of microbiology 
which has thus been demonstrated and the wide range of the researches 
which have been carried on supply abundant proof of the recognition of 

i * 1 ^ , . 1 * processes in indus¬ 

trial biochemical operations. In this edition we have tried to keep pace 

with this gratifying extension of knowledge and to re\dew it now in a form 

which may be useful to students of this branch of technology and to 

those concerned ^^ 1 th research or technical application therein 

The inclusion of all this new material has made it desirable to revise 
and con.sohdate much of the earlier material and to present in the tables 
ating to production statistics, fermentation products, etc. the latest 
available data. The chapters on yeast have been rewritten into a single 

riboflavin production, and di«Mssiori of methods of operation industrially’ 
Fne new chapters haAe been added, giving extended descriptions of 

yea,st‘’3rt? h% production and 

apptations and the p6.sibiUt”utrn^^^re7^^ 

•W per cent. were M 

present volume contains 124. ' ™ edition, and the 

ILshe“'h"dt®;^^^^^ -«'ors and pub- 

cuts, and tables. c use o quoted material, photographs, 

joum^ from which^reptoductbns^hlr^ Publishers of scientific 
‘^iolegy; Dr. R. A. B^ttliT M^r »/ 

P-Wallerstein Laboratories “r °F fTi 

.be .ouennf 0 / Dn.Vp defence; and others. Care happ^TacS!;:: 


V 


VI 


PREFACE TO THE SECOND EDITION 


edge the help received from various branches of the Lnited States 
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PREFACE TO THE FIRST EDITION 

For hundreds or even thousands of years mankind has practiced 
domestic arts in which microbes are the invisible but active agencies of 
desired change, ^\ine making, vinegar production, brewing, and the 
making of leavened bread were processes known to ancient peoples. 
Even when some of these processes became established on a larger scale 
the success was still somewhat dependent on chance and the combination 
of fortuitous circumstances with a degree of skill bom of experience. 
Not until less than a hundred years ago was there any scientific apprecia¬ 
tion of the real part microbes play in the transformations of organic 
matter. ^ 

Industrial microbiology is one of the important outgrowths of those 
fundamental researches conducted by Pasteur which have made his 

'uT in the whole realm of microbiologA- 

Although his preeminence has been especially recognized in another fiei.i 

of microbic investigation which has greatly promoted man’s welfare the 

bacteriology of infectious disease, it should not be forgotten that his’first 

Judies vere in fermentation and were conducted in aid of industries 

He may thus especially be regarded as the founder of industrial micro 

biology as well as of rnedical bacteriology and immunologv. Although 

toTe ^ few outstanding contriL^ns "uch 

author organized in thp • i t^aiion. in 189() the senior 

Institute of Technology the hrsfcourserfTi*™'’"*' 

trial biology given in Ameri^ course of classroom instruction in indus- 

ning, the course has been expanded fmm ^ the begin- 

grown in importance and the nresent I *i° subject has 

trial microliiology and food teJbrn^^ >" >■''*“*- 

The authorf ha" e p~ thf nr? “TT 

-ether used primarify as a ^xr^r^, 2d^t 
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of roforonco, it is assumod in adv'^anco that tho student or reader will 
already have had somewhat extensive training in biology and general 
bacteriology, and at least the fundamentals of organic chemistry and 
biochemistry. For this reason the general description and taxonomic 
treatment of the great class of the bacteria have been limited to the 
groups intimately concerned with the processes to be discussed later. 

It is the purpose of this volume to outline, in a concise but com¬ 
prehensive manner for students thus prepared, the fundamentals of 
industrial microbiology, and to present descriptions of the more impor¬ 
tant processes within the field. 

No single text of moderate size can give a complete and detailed 
treatment of every aspect of the subject. There are in this volume what 
may, in some quarters, be regarded as serious omissions. For example, 
discussion of the commercial manufacture of sera, vaccines, and other 
therapeutic agents is omitted, as is also reference to the production of 
cultures of nitrogen-fixing bacteria, and of butter- and cream-ripening 
organisms, etc., although in a limited way each of these might be regarded 
as falling within the scope of industrial bacteriology. The reasons for 
these omissions will, it is believed, be evident on further thought—the 
first .subject is closely related to public health and medicine; and the 
second subject seems more properly to belong to agricultural or to dairy 

bacteriology. 

The efforts of the authors have been especially directed (1) to a broad 
treatment of those large-scale fermentations in which the end products 
are of themselves industrially or potentially important, and (2) to con¬ 
sideration of others that are of special .significance because of the modifica¬ 
tions of the quality of substrate materials that they produce, as in some 

aspects of food technology. 

I'lie various alcoholic fermentations as applied in brewing, wine¬ 
making, and distillation industries; the acetic fermentation; the lactic 
fermentation; and the fermentations jdelding butyl alcohol, acetone, 
citric acid, glycerol, gluconic acid, etc., are described and discussed 
since they represtmt type processes that illustrate basic principles and 
may supply the key to modes of imiuiry that may be useful to the 
student in later researches or in the pursuit of new aspects of industrial 

fermentations. 

A more comprehensive treatment of the general aspects of the subject 
will be found in the introductory chapter. 

Con.sideration is also given to the discussion of some of the more 
recently discovered fermentations which have been investigated and 
which .s(^em to offer possibilities of industrial significance in the near 
future. I’hese arc treat(‘d not only from the standpoint of the organisms 
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IX 


involved but also with reference to the raw materials and production 

methods that may be employed and to the biochemistry of the reactions 
catalyzed by the microbes. 

The work has attempted to present the subject in a unified way, 
although it divides somewhat naturally into four parts, the first three 
dealing, respectively, with the biochemical activities of yeasts, of bacteria, 
and of molds. Within each of these three classes of microorganisms with 
their extremely numerous and varied groups and species are found rela¬ 
tively few types having marked activity as causative agents of fermenta¬ 
tion, but these are important since they represent types which probably 
can be employed economically and in large-scale operations. The last 
part of the book deals with specialized activities of microorganisms and 
some higher types of organisms in relation to undesirable changes pro¬ 
duced in textile fibers, in wood itself, and in structures built of wood 
Two appendices treat briefly of subjects useful to the industrial micrcK 
biolopst. The first deals with the control of microbes by the use of 
germicides, and the pnnciples of testing disinfectants, and the second 
with the treatment and di.sposal of industrial microbiological wastes 
At the end of each chapter, references are given, in order that the 
student who desires may continue his study of the subject by consulting 
original papers. The subject has now become so voluminous that it is 
impossible to present complete bibliographies, and although the references 
presented are regarded as the most useful for the student it may be that 
nurnerous important publications have not been mentioned here 

The aut^hors wish most gratefully to acknowledge their indebtedness 
o many u ho have assisted in the preparation of this book by permission 

\ r material, and to others who 

aTdue ftof W SP^eial thanks 

w • / t/ r' his associates at the Universitv of 

CoUe^^T’ d/h hT oT'.r" 

1- B.tct!S:and ;htr t«tesS 

ture- to Dr W V rT Associates in the L.S. Department of Agricul- 

.■di.ors of various jonrnaretctlvDrLV R 

>vho have kindly given permission to use tables anThe' “r"’ 
for their careful reading of ^ C- Tobie 

Rum .Manufaeture, respeetivelv oCrs'; t'”"® r** 

p 4-, Dr. C N fX of the FI Brewing Com- 

of the Commercial Solvents Cr^oraUon Dr°T°s''h 
Uboratories. and to their European feim; workers, DnT .T Kl'uy'lr 
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INTRODUCTION 


Indiistriul inicn)l)i<)I(,jry is timf porti.ui of minol.ioloKi.nl M-ion.v 
which .l.>als with the possihlc ulilizafion of nncnH.rKaniMns in industrial 
proc(«sw*s, or proccssi-s in which their act.ivith s nmv U*cotnc of imlus- 
trial or technical siKiiificancc. ()l,viou>ly the term "microl,i..h«v - in 
Its hroadest sense comprisi^s that .livision of hiiiloRical M-ierice uhi«-h 

treats of the extremely small orKanisms of IkuI, plant and animal nature, 
that SiHhllot 18/8 uroujasl together urnler the inclusive tenn 
microhes. Although this u.inl is now ofti-n us*sl svnonvmouslv with 
me ena it is not so limite.1, since within its held may actually U- includiHl 
all ty,K*s of very small liviuK things, such as tlu- proiosoa! spir.K-hetes 
and minute parasitic worms, as well as thos<. low ty,K-s of fun^i commonly 
spoken of as the “yeasts- and “yeast-like organisms.- tlm .Zlt 
indefinite ^roup called “molds.” and the extn.mely numerous and wide- 
spiead uroup of the Imcteria. 'riu* m.Mlcrn «cneral use of the t 

,m.tozool,«,v •• ... fr„.n ,h., .an-ful .rf .™ 

lowest Kroup of animal organisms, has to a great e\t<>nt in n 
transferred the interest and exten.led .lescri,uions of n.anv ^ih u"" 

is to confine the term “ microhiolo.;.-” I i “PParenlly 

this t|,„, the word is usisl in (Ids Is,ok. 

moldrimr^hlrZ'm,',li'‘n„d^ ’‘."'T" '‘">'1* "f y«n,ls, 

dirert rolntion, ..iiluT fnvomi.l'.. T LnfnvonXr - 

ationa snni, as I,,-,.wine, win,. ,„akinK. c-ln.-s.. nJki, ^ I'-’T u’"" 

.rnatly oxtnnd.sl in .cn, v.-at !I.' n.^ .r.., 

many linns has Iwnn carrind out -n . i , ' anil in 

cnlarpsl and conrentrat,.,! in nmnnf.wU^rin'l "V’*" 

■dudy but that it ha^lrea V t n" T "/ 

npplied scienee, and one with even“^arer “'l'::,fall.r"”"' 
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L\DrSTI{I.\L MICUOKIOI/Xiy 


Tn any hroad-jjause (lis(Mis.^ion of industrial microbioloRV it should l>o 
ciuphasizod at tlu* outs(>t that knowledge in this held is of usefulness and 
signilieanee from two diaim'trieally op|)osite angles of applieation. On 
tlK‘ first and more positive side, it is clearly advantageous to know the 
l)iologie,al and hioehemieal eharaeteristies of the many types of organisms 
that ait' the prime and direct caust's of chemical transformation of matt'- 
rials into desired products. Here one utilizes the microorganisms capable 
of jiroducing, by fermentation processes, relatively large quantities of 
chemical substances of usefulness and economic value. In this typt* of 
process the biochemical methods are in some instances the only economic 
metluKls of proiluction. The manufacture of indust rial alcohol and other 
industries based on alcoholic fermentation may Ix' taken as a tj^pe of this 
class. Of etpial interest to the microbiologist is the part played by organ¬ 
isms of these groups in composite operations, where the action sought is 
the prcKiuction of somewhat smaller quantities of dysirable by-products 
that should occur only as minor but important components in the final 
pnKluct. Tills is the aim in some branches of food manufacturing and 

in other commodity products. 

On the other hand, it is recognized that fermentations incited by 
microlx^s may not always be desirable but may lx* quite the reverse. 
Comjx'tition by invadiqg contaminants may wreck what would otherwise 
Ik* a successful process. It is, then, of much importance to have knowl- 
tKlge of the organisms specifically useful in a process, and to be equally 
informed regarding those which oftentimes are destructive to or detn- 
mental in manufacturing processes and are the causes of economic loss. 
The trained industrial microbiologist must be able to discover them, to 
recognize the type of damage they produce, and to become versed in the 

methods of combating them. 

With all these viewpoints in mind, it is clear that industrial micro- 
biologA' should include in its scope the study ■; I) of the numerous fermenta¬ 
tion proces.ses in which the pnxluction of alcohols, organic acids, glycerol, 
acetone, and other substances are end products; (II) of certain aspects of 
food-manufacturing processes, such as baking and the making of cheeses, 
butter, sauerkraut, and pickles, in which microliic agencies take a signifi¬ 
cant and important accessoiw' part: (IIIi of food-consen'ation methods, 
such as canning and presen ing. refrigeration, quick freezing, and diwung, 
where sterilization or inhibition is imperative: and (H t of the microbio¬ 
logical problems concerned with textile and commercial fibers. Obvi¬ 
ously in the processes grouped under (II I and (III) and in a part of those 
under (I' industrial microbiology is intimately associated with food 
technology'. The work of the industrial microbiologist may also deal 
with the production and technical uses of bacterial and fungus enzymes. 
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such as amylases and proteases, or with the preservation or protection 
of wood and the processes of commercial disinfection, wherein the appli¬ 
cation of suitable chemicals to restrain or prevent fungus, bacterial, or 
enz> me acuvity on x\ alls and floors or on materials undergoing processing 

in the mil or manufacturing plant may make the difference between 
success and failure of operation. 

The production of sera, vaccines, and other therapeutic agents com- 
meicially, althougli generally regarded as in the field of public health or 
medicine, and hence not here treated, might in realitv be considered as a 
group of processes in industrial biology. It has seemed best t^or^it 

micr and also not to include the study of soil 

crobiolofcv, the use of nitrogen-fi.xing bacteria, and the study of the 

sp^vre c ’'Jitl '■=* of disinfectant or inhibitive 

microbiology, they do not fall trithin the S of Ihfs Ck 

In the present volume, industrial microbiologv will be reirnrH^rt 
fremlr investigating and controlling technical 

desirable end products^.trrp^n™.7eTrnIh 
SstTholer mS’b^tf 'r “nZir 

must enter into the subject matf^ ion a cct manufacturing operations 
particular industries' cannot bo dealt'l hTn a eU oT'r' 

oTZm* rt'htirr'thfc '"7"- 

chemical reactions conceme,I in the"brtle!7" “d bio- 

easily cultivaled in large quantity'” and to be 

di.ioVa''nVt7trucr;Xecet7t^^^^^ <=»- 

order to bring about the desired chemical chaX 

under comparatiyely 

«• 


4 INDUSTRIAL MICROBIOLOGY 

simple and workable modifications of environmental conditions; and, 
since the reactions are exothermic, without the application of large 

auan.titi6s of external energy. , 

^ Obviously, industrial operations with microbes are more complicated 

than laboratory experiments but involve the same principles. Laige- 

scale operations must include protection front contamination, and the 

chemical engineering equipments must he carefully designed to meet the 

special conditions required in each type of fermentatwn. 

Hundreds of microbes can grow rapidly in solutions of organic s - 

stances without yielding significant quantities of valuable products 
They may bring about decompositions that conform to the broad genei a 
definitions of a fermentation that will be set up, but they may not be 
productive of a technically important or industrial fermentation. 

Microorganisms of Fermentation.-As has been intimated, the micro¬ 
organisms of fermentation include yeasts, molds, and bacteria. Ihese 
microorganisms are unable to manufacture their own fqod by the ordinal y 
process of photosynthesis since they lack chlorophyll and are classified 
L fungi, belonging to the phylum Thallophyta. Certain of the Ascomy- 
cetes (sac-fungi) and of the Phycomycetes (alga-like fungi), and a large 
number of species of the bacteria are the principal microorpnisms that 
are directly concerned. A few of the Basidiomycetes are of significance m 
special types of breakdown of wood and fibers and are thus productive of 

changes comparable to fermentations. , , . . + 

The microorganisms of fermentation differ widely m respect to 

morphology, size, reaction to free oxygen, manners of reproduction 

growth requirements, ability to assimilate or ferment raw (natuia ) 

substances, and in other ways. But they are similm- 

“colorless” and grow most actively in darkness or diffused light, and all 

produce enzymes by which they catalyze the reactions ascribed to them. 

Variation in Strains.—Even in a so-called “species” there may be a 
large number of types or strains, and, even in a so-called “pure-strain, 
variation may occur under different environmental and nutritional con¬ 
ditions. Although the usual mode of increase by asexual reproduction 
favors the constancy of a given species, many factors may tend to cause 
changes in the chemical composition of a microorganism, the type and 
quantity of end products formed, and the rate of growth and reproduction 
For example, the nature and quantity of the nutrient substances supplier, 
the temperature of incubation, the reaction of the medium Uie oxygen 
relationships, the presence or absence of stimulating or inhibiting sub¬ 
stances in the medium, and various other factors must be controlled and 
marie similar in order to obtain analogous results with the same or related 
strains of a microorganism. The importance of mere traces of a sub- 
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stance cannot be too much stressed in some instances. Some of the 
apparent differences in results obtained in research in different labora¬ 
tories with the supposedly same strain of organism may disappear when 
conditions of culture and the chemical composition of the media become 
exactly or essentially the same. It is, however, probably impossible to 
maintain perfect lack of variation over long periods. 

Although some differences are only apparent ones, frequently true 
biologic variations exist in strains. Too much work has been carried 
out by responsible laboratories to leave any doubt as to this fact. For 
example, some strains of a microorganism apparently require added 
growth-accessory substances, while other strains require none; some 
strains of Aspergillus niger are stimulated by iron and zinc salts, others 
receive no apparent stimulation from these salts. 


Fermentation. From the biochemical standpoint, fermentation is 
the name given to the general class of chemical changes or decompositions 
produced in organic substrates through the activity of living micro- 
orpnisms. Thus there may be many kinds of fermentation falling within 
this category depending on the type of organism involved, the type of 
^bstrate, or even the conditions imposed, such as pH, or oxygen supply. 

e word fermentation ” is a term that has undergone numerous changes 
in meaning during the past hundred years. According to the derivation 
ot the term, it signifies merely a gentle bubbling or “boiling” condition 
an the term was first applied Avhen the only known reaction of this kind 
was m the production of wine. Even then no knowledge existed as to 
the cause Thus in an active ethyl alcohol fermentation, as in a wine 
or cider fermentation carbon dioxide is always liberated in the form 
of bubbles of gas, which at the height of the reaction may cause a marked 
^itation or movement of the liquid medium, especially in a large vat or 
ank, sufficient to give to it the appearance of a boiling liquid This 

Zr AteG t ‘houJati 

years. After Gay-Lussac studied the process the meaning was changed 
to signify the breakdown of sugar into alcohol and carbon dioxide With 
e inciease in knowledge following Pasteur’s researches as to the cause 
of this change in the nature of the material fermenting the word bec-.m^ 
aasomted with microorganisms and still later with enzymes whth are 

Lme fermen ation was especially associated with carbohydrates ind 


Although feimentation is f,-equently or even generally 


dissociated with 
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the evolution of gas due to the action of living cells, neither gas evolution 
nor the visible presence of living cells is today regarded as an essential 
criterion of fermentation. In certain fermentations, for example, some 
of the lactic fermentations, no gas is liberated. Again, fermentation 
might result (although it is not frequently the case) from the use of cell- 
free enzyme extracts that for a time catalyze the reactions. Gas can be 
liberated in some of these processes, as for example with a zymase prepa¬ 
ration. Cell-free fermentations are, however, unknown in nature ahd 
when produced in the laboratory are considerably slower than fermenta¬ 
tions where the living cells are present, and are largely of theoretical 

interest. j i • 

Fermentations are so varied in character that any broad definition 

that will cover this whole class of biochemical processes must be couched 

in very general terms. Nevertheless, it is sometimes useful to gain a 

briefly stated concept of such a group of reactions. The idea might be 

expressed as follows: 

A fermentation, in the broad sense in which the term is now used, may 
be defined as a process in which chemical changes are brought about in 
an organic substrate, whether carbohydrate or protein or fat or some 
other type of organic material, through the action of the biochemical 
catalysts known as “enzymes,” elaborated by specific types of living 

microorganisms. 

For more exact characterization, the kind of fermentation, such as 


alcoholic, lactic, acetic, etc., must be specified. Since the majority of 
fermentation processes first studied concei-ned carbohydrates, these arc 
often regarded as the essential materials, but it must be clear that proteins, 
fats, some salts of organic acids, and alcohols can be broken down by 
similar agencies and thus fall within the classification of fermentable 


material. 

Enzymes.—The student of biology or biochemistry will already have 
learned of the universal association of enzymes with living matter and 
the important part played by them in all types of vital activity. The 
activities of enzymes are especially prominent in the phenomena of 
digestion in animals, in the transformations of starch in sprouting seeds, 
etc. These and many other observations lead to the view that enzymes 
are the essential organic catalysts, possessed or produced by all living 
cells, without which the processes of life would cease or be impossible. 
It is furthermon', well established that these enzymes are of two types, 
called “exoenzymes” and “endoenzymes,” according to tlieir sphere of 
activity outside or within the confines of the cells that elaborate them. 
Both types are extremely imporfant. Exoenzymes, liberated by the 
manufacturing cells, penetrate and break down the organic matiM-ials 
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outside the cell, such as the proteins, starches, and fats of food materials, 

giving rise to soluble derivatives and so making it possible for the products 

of their activity to be absorbed through the cell membrane. Energy 

liberated by the enzyme action outside the cell is of comparatively little 

value to the cell. In general it is found that exoenzymes liberate rela- 

ti\e\ itt e energy, as heat, especially in the most commonly produced 
hydrolj^ic processes. 

The endoenzymes elaborated and retained nithin the living ceU on 
the other hand, behave quite differently. The food substances, having 
Uen absorl«d into the cell, may be further transformed and broken dovn 
by the action of the endoenzymes, and this process is accompanied by the 

hlrto die “f «‘ergy, this energy being availa- 

1 he microorganisms of fermentation are notable for their ability to 
produce eng ines of both these classes. Molds, yeasts, and bacteria can 
*crete or elaborate a wide variety of enzymes, possibly of a greater range 
than any other single ceUs, since all the functions of growth, reproduction 
digestion, assimilation, etc., that are distributed among the vJmZs 

and organs of higher plants and animals seem here to be concentrated in 
the single minute cell. This may e.vplain why it is that, in these low 
groups of extremely small plants which are essentially unicSuTar in 

tite ^pacity than is exhibited elsewhere in the world of living things 

p-r^m - r r:h 

mcnurium of enz,.mes or its own pe^ulia* abL“ t ^cm Zm^Tn' 

St^STH..T. EMZVMKSt 


E.xoenzymes 


Calories 


Pepsin. 

Tn-psin... 

i 

Lactacidase 

Rennet. . 

* 

Alcoholase... 

Lipa^je.. 

1 

Urease.. 

Inverta-se... 


Oxidase (vineearl 

Maltase... 

Lactase... 




82 

149.0 

239 

2,530 


Th. Wi,S„ Chenriatry.- Wood 4 Company. 
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Energy Relationships—The preceding table, which shows the energy 
liberated from 1 g. of substrate by enzymes, will give some insight into 

the relative energy values of exoenzymes and endoenzymes. 

The question naturally arises, does the microorganism have a require¬ 
ment for a major portion of the large amounts of energy liberated vnthin 
the cell, or is much of the energy liberated merely due to the great excess 
of enzyme product or the result of unrestricted enzyme action ? Experi¬ 
ments with yeast cells indicate rather emphatically that the energy 
evolved is not a measure of metabolic requirements, but is the result of 
enzjTnes acting on an abundant and suitable substrate. However, 
further experimentation is necessary to lend additional weight to this 
suggestion. Whatever the theoretical aspects, it is known in practice 
that under the artificial conditions of a great volume of fermenting liquid, 
in which billions of cells are active, energy in the form of heat may be 
liberated to a marked degree. In such large masses of fermenting material 
where the heat produced cannot be readily diffused or conducted away 
the rise of temperature may become so great as to impair the organisms 
that produce the reacting catalyst. In vinegar fermentation the heat 
energy evolved may be sufficient to cause a rise of temperature that may 

inhibit normal cell growth and stop further activity. 

Intense Activity of Microorganisms.—Many microorganisms, in com¬ 
parison to the higher organisms, are intensely active m respect to the 
chemical changes that they bring about. The examples cited above show 
this fact and also are typical of the fact that all fermentative processes 
are exothermic. Burchard' has calculated that 1 g. (wet weight) of 
Micrococcus vreae decomposes 180 to 1,200 g. of urea per hour, while 
Haacke e,stimated that 1 g. (wet weight) of a lactose fermenting organism 
breaks down 178 to 14,890 g. of lactose in 1 hr. Even though these 
calculations may be of only approximate value, the enormous activity o 
microorganisms is evident. This great chemical activity of microorgan¬ 
isms is associated with their simple life requirements, the ease with which 
they attack food for energy, the rapidity of growth or reproduction, and 
possibly their capacity for maintenance under dilferent conditions. 

Specific Types of Fermentative Change.—It has been intimated in 
the foregoing pages that the specific or characteristic kind of fermentat ion 
produced by an organism is dependent on its enzyme-producing powers 
One might'expect, therefore, that those organisms most nearly related 
generically would be most similar in their fermentation relationships 
This seems to be generally the case, although it does not fo low that 
organisms belonging to dilTerent biological groups are necessarily totally 

iStkpmrnson, M., “Bacterial Metabolmm," I/jngmans, Green & Company, 
lx)ndon, 1930. 
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unlike in theii ability to catalyze fermentation processes having some of 
the same end products. Ihe “true” yeasts and some other budding 
fungi nearly related to them are the organisms that most commonly 
produce ethyl alcohol, and because of this fact it is often stated that the 
3 'easts are the microorganisms of alcoholic fermentation, but there are 
rnany budding fungi, classified in groups or families morphologically very 
similar to yeasts, that apparently hav'e no ability to produce ethyl 
alcoholic fermentation or any other with large quantities of a particular 
end product. On the other hand there are a few fungi, somewhat higher 
m the scale of organization than yeasts, that can produce ethyl alcohol 
under certain conditions of substrate, pH, relation to o.xygen, etc. Even 
a very small number of species of bacteria can produce alcohol. These 
aie unusual cases but apparently demonstrate the gieat versatility of the 
low colorless plants in developing their enzyme systems. In general, 
the molds that have marked fermentation power are producers of organic 
acids and of products of protein decomposition. Similarly, the ferment¬ 
ing types of bacteria commonly give rise to organic acids, frequently 
different from the acic^^ produced by molds, and to higher alcohols than 
ethyl. It cannot be assumed that all species of microorganisms belonging 
to the three groups that have been mentioned as constituting the micro¬ 
organisms of fermentation actually have marked ability in this respect. 
It would be more nearly correct to say that the signiHcant fermentation 
organisms represent a minority of all the organisms so classed. 

Energy Value of Substances.—The substances acted on by micro¬ 
organisms present a dual role, the first as a food, the second as a material 
to be transformed through the action of enzymes that have been pro¬ 
duced in excess of nutritional requirements. In general, the energv value 
ot a substance, such as glucose, depends on the degree of oxidizabilitv it 
can undergo. In the complete oxidation of glucose, as in burning con¬ 
siderable energy is evolved. This is also tme in the breakdown bv aerobic 
organisms, while m the anaerobic breakdown of this sugar onlv a fraction 
of the potential energy is liberated. Consequently, in order to obtain 
an equivalent amount of energy, several times as much glucose must be 

broken down under anaerobic conditions as would be required under 
aerobic conditions. ^ 

The breakdown of nutrients in fermentation is not merely evprossed 
n the evolution of heat but is in early stages at least always accompanied 

yeast the nutrient medium is supplied not only with organic food but al^ 
ith a very large amount of air. Aerobic oxidations are favoi-ed and 
nder such conditions, along with the fulfillment of nitrogen and phos 
P ate requirements, pH control, and the emplo.vment of a low coiicen 
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tration of .ngar, largo yields of yeast cells are produced. Under essen- 
tiallv anaerobic, conditions, such as would exist in the normal indiistiia 
fermentation for ethyl alcohol, much more sugar must he utilized to 
pnKluce the same quantity of yeast cells, an<l a large amount of the 

organic matter of the substrate is converted to the characteristK- end 
products, one of which, ethyl alcohol, is still comparatively high m 

potential energy. , 

It should now be clear that a fermentation process that may become of 

industnal significance is not a simple matter of inoculating organic 
matter with microbes that can derive food from it, but is instead the 
setting up of a system of biochemical reactions between a substrate and 
an organism that can partially decompose it in a special manner under 
controlled and workable conditions. The substrate must be abundant, 
inexpensive, and fairly high in potential energy. The organism must 
have ability to attack, by means of its enzymes, certain chemical group¬ 
ings in the composition of the substrate and, by hydrolysis, oxidation or 
reduction, or other means, disrupt certain bonds in the substrate mole¬ 
cules and give rise to stable products under tl^e imposed conditions. 
Thus by a single reaction or a series of coincident or successive enz> me 
reactions carried out under definite conditions it may bring about 
eventually a desired product or group of products of lower potential 

energy. 


C'HAPTER II 
THE YEASTS 


The yeasts anci other yeast-like organisms, often grouped together 
under the name BUustomycetcs or “budding fungi,” belong to the sub- 
.liMsu.n of the thallophytes designated as the Eumycctes, or true fungi 
smee they possess no chlorophyll. All the organisms here grouped are 
unue lular plants of microscopic size and widely distributed in nature 
and they occur especially in the top layers of the soil, in dust, and on the 
nil s and leaves of many plants. The grape, apple, pear, and many other 
fniIts have these organisms almost constantly present, and the soil of 
oicliard.. and vineyards where the microbes live over the winter is particu¬ 
larly wel populated with yeast cells. Distribution is easily effected by 
w.nd and on the bodies of bees, wasps, and other insects. ‘ 

1 he budding fungi may be separated into two rather unequal diyisions- 
the spoie-forming (sporogenous) or true yeasts rei^resented by the family 

pseudo or false yeasts, which are represemted by the famE So 
orafocroc I ornhpsidaccae, and Xrclaromycelaceof. The true yeasts 
mhide about 1. genera and a large number of so-called “species ” many 
o uhich in turn .show numerous slightly different strains or “types ” 

thnllr ““I luxuriantly in »„l„ti„ns containing sugar an,I 

t«oth,.r .n small clusters that are actuallv groups celh of ,liffe 
ceU.s eventLlIv sets ,Ti X «< ‘he 

fimes these superficial wlls may 'IptLl'r iXhlil" dr''fir'^^'’' 
to^nthling ht^haet and often wl.hTnumbett-r'r^t'deltudledl^ 
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at the nodes. Some true yeasts, such as those of the genus Endomyan, 
may form a true mycelium or mass of cells. On favorable solid media, 
compact colonies are produced, varying in size and surface markings 

according to the nature of the substrate and the age of the colony. 

Shapes of Cells.—The individual yeast cells are usually spherical, 

ovoid or ellipsoid in form. Broadly egg-shaped and elongated sausage¬ 
shaped cells may be produced characteristically by certain yeasts. 


OocP^ 6 


S. cerevisiae 


f ^ 

S. ellipsoideus 


(y (0^scospore3 




S. pastorioinus 


Pichia species 


ascospores 


Schiz. oc+oporus 


0 0 0 


e 


Oospora lacfis 


Endomyces vernalis 


Cell wall 
Cyhpfasm 


Vacuole 

•Fat 
Nucleus 


Typical yeast cell 


Fig. 1.—Some different types of yeaat cells. 


nevertheless, the shape of the active cell is not an exact means of secies 
identification, nor is variety in form in the same culture a P^ool of con- 
tamination. Yeasts possess no flagella, and consequently the individua 
cells are nonmotile. The accompanjdng figure Ulustrates a few of the 

different types of yeast that occur in nature. 

Size.—Yeast cells mav vary considerably in dimensions, depending 

on the species, nutrition,' age, and other factors. The cell may var>' 

from 1 to 5 or more microns in width and from 1 to 10 or more microns 

in length. With the approximately spherical cells of industnal yeast« a 
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(immeter of 4 to 6 microns is probably a fair average, but great variations 

may occur even m the same culture. Most of the yeasts of extremely 

small size are of no present industrial importance except as they occur as 
contaminants. 

In general, yeast cells are much larger than bacterial cells and could 

not be mistaken for the latter when observed micro.scopically. There are 

e.xceptions, however; some large bacteria e.xceed in size'the smallest 
known yea.sts mentioned in the figures given. 

The CeU Wall.—A transparent permeable trail surrounds each cell or 
mass of protoplasmic material. The e.ract composition of the cell wall 
ts not known. It ,s Meved to be composed of “funitus cellulose,” which 
1 ffers m tts chemtea character from the celhtlo.se complexes con.stitutinK 
the walls of Kreeti plants. The cell-wall membrane may be invisible or 
^er^ thin m young cells but becomes thickened in old cells. 

Contents of the CeU.—The protoplasm appears microscopically as 
omi>osed of a grayish, finely granular, semifluid ma.ss. Presumabfy It 
> o albuminous material intimately mi.xed with a “cell .sap ” of water with 
organic materials an,I salts in solution. Within the protoplast there is a 
nucleus and one or more roun.led structures known as "vacuoles ” which 
were originally so called la-cause they appeared as clear or empt;, spa e 
Im are now known to Ik. the seat of reserve fo„,ls and fineb divided 
nictachmmattc granules ” or volutin. The vacuoles are not conspicuous 
in tert toting cells but apiwar prominently in mature or oirl cells and 
heir nature can Ik. .somewhat determined by special staining metliods 
.1 nrallt a large vacuole is located near the nucleus, or there may be 
two or even more with a general polar location. The nucleus exist^as s 
»ma 11 mass near the center of the cell and cannot generally be seen wHImiU 

... best stain for this piirp,:.': Witlr.his';™ tm^"ifn^Z^tme" 
of ianT”"’ of.™ as a diffu.se cluster 

budding t'Zrir^Thr:* r 

portion of thttie granules (nos ibIvT *lf toward the pole, and a 

..cveloping daTghter 'IT. ‘hP "'" 'y 

re«.ne*rate'riarb\he'Lrm numerous other substances or 

exceedingly complex in nature or granules, some of which are 

.«ome thick walld and much enlarged an^dlLh-Tacked 
^eser^•es. Such cells are .srjmetimes called “rl. "'th these 

o. Oils as rt.fraetile dropleus, and « 
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are normal constituents of all mature yeast cells but especially of the older 
cells, when nutritive conditions are favorable. As stated, this reserve 
food is found dissolved in the cell sap in vacuoles and in the foim of 

granules or droplets. 

The most important carbohydrate is glycogen (CeHioOs),, but 
other polysaccharides have been detected. Trehalose, a disacchaiide 
(C12H22O11) .\delding glucose when hydrolyzed by acids, phosphatides, 
enzymes, vitamins, growth substances, volutin, and, in some instances, 

pigments are found in yeasts. 

Some yeasts store relatively large quantities of fat (see the section on 
fat production). One yeast, Endomyccs vernalis, produces so much fat 
under suitable conditions that it was used as a source of fat foi human 
consumption during World War I. Fat collects in vacuoles that often 
become highly retractile as the cell ages. One school of microbiologists 
regards the storage of fat as an indication of cell degradation. 

Volutin, also referred to as metachromatic granules, occurs in vacuoles, 
one of which is nearly always located close to the nucleus. It is a reserve 
material and is believed to be nucleic acid or a nucleic acid compound. 
It is found usually in old cells, but tends to disappear during spore 

formation.^ 

Stains.—A list of some of the stains used in detecting the presence of 
various chemical substances in the yeast cell follows: 

Table 2.—Some Stains Used to Detect Special Scbstances in the east Cell 


Stain 

Suhstanee 

Color produced 
in substance 

TTlpmminff^s solution^ . 

Fat eloliules 

Thrown to black 

Sudan III . 

c* 

Fat elohules 

Red 

a- or )3-Naphthol plus dimethyl-p- 
phenylenediamine in a weakly alka- 
linp sol . . . . . . . 

Fat elobules 

Blue 

T^itnpfVivl n.mido—azoVienzcne.. 

Fat globules 

MetAachroinatic particles, 

Yellow 

rf'd ^0 1 . . . 

Light pink to red 

iiviil/iwl XV4-1 /O/ . ••••••• • 

TTipt»livlpnft nine . 

vacuole.s 

Nuoleoprotcin of volutin 
Cellulose 

Blue 

y,\r\o oVilnriodiile . . 

Blue 

in ioflldo .. . . . 

Glycogen 

(Starch) 

t 

Red-brown 

Tnrlino in nntiiRKilllfl iodldo . 

Blue-violet 

ill 1/U 1.1*001 vl 111 ... 

M A % ft * ft 


* aolutitjn; 15 jiarts of a 1 

acetic acid, 4 purU of a 2 per cent aqueous solution of chromic acid. 


' IlKNitn i, A. T., '‘Molds, Vousts and Actinoniycetos,” John \A iloy & Sons, h\v., 


\ow "^ork, 1030. 
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Chemical Composition. 


. contain f)8 to 83 

while hactena contain 73.3 to 5 


per cent of moisture • 
-w... contain r6:6 to 98.3 ami molds Sa ■? oq - 

IVotein. carbohydrate, fat, and asli contents vary d r 
sp,r,es of yeu.t and the conditions nnder which it 


content of yeasts u.sually varying from 3.8 to 8 8 
the dry matter. In the following table i 


Table 3. 


OK Yeast* 


as grown, the ash 
per cent on tlie basis of 

which constituted 30 per cent 

nottcci ,t,at yeast is rich in protein and glvcoL . s„Xt nh n " 
and potassium comltinations make un ..1.01.1 Ol’o , 
l’hospl.ates piay a very important role in fertnentath,!,.''" “ 

CoileoSITION- OF THK Drv .Mattkr 

Per 

Cent Per 

I AmmonLa. 

52.41 I ^"'1 P.vrimidine });ls(>.s. 19 

I Diarnino aoids. 

' Alonamino acids 
Phosphorus pentoxid** 

Potassium oxitle. 

^lagncsium oxitie. - ^ 

Calcium oxide. . 

Silicon oxide. 

Sodium oxide. . * 

Sulphur trif..xulp. ^ T 

Chlorine and iron. n, ^ 


Protein . 


Fat 

t »lvcii(f(»n,. , ^ 

< fllulow, pirn, etc 
•Vsh 



20 

60 

54.5 

36.5 
I 

1.4 


100.00 


' fw. C. N. History 

(I'tao). ^ 


ch 


TJVa lives 


nu,.|,.opr,t,ei'r'Vd,Cr«leht‘'m.j'’" phosphoproteins, 

-uents of the eer*’ “"J --i-o aeids-;;'.,:,„|;;"'™ 

'.Tctai,.,.|/brbuddtng fi?fon a^d”'^7''T'“'‘’“’’ 

I'PrinB huddittK, cvtopTjm a 7 „ 7 “ ' f"™wtion. 

'■‘‘H int.i a growing bud or nr f r How from the mother 

Wf.rno. coiLstricU^d atL 

’he f ell may break off at once f,r rTml'n tr 

a, on,.,. ol^r'runl.s'"- 


or more 


‘emporarilv in 1 result when the new cells remain 


• B,. R,, Parent cells. 

‘*^Tr <t"vilk'ing r"Phyniology and Bior-he 

^ r. X.. Huttorvt^fiSi ^“himore, 1028. 

1154 floaoi ‘-'Pin*-nt of the -Modern \>aj»t fndn 


nii.«fry of liar- 


Industry, ^ 


ng. 
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V,a 2-Budding yeal^t cells. Magnified 1,500 times. Pictures taKen a. ... 

intervals. (CouLy of Dr. C. N. Frey of the Fleiechmann Laborator^ee.) 

Another vegetative type of reproduction is 
process is similar to that of bacterial fissmn 

wall is formed, two new cells resulting. The genera Schtzosaccharomyccs 
and Eruiomyces reproduce vegetatively only by transverse 

Sporulation, a reproductive process in true yeasts, may be of asex 
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“ascus”). 


The spores, of which there may be 1 to 4, 6, 8, or very 

or “endospores,” and the 

(singular, 


or sexual nature, 
infrequently 12, are known as 
cells that contain the spores are known as 


“ascospores” 


“ascs” 


or 


“asci” 


True yeasts are classified as Ascomycetes (sac fungi). 

In ordinary ascospore formation, the nucleus of the yeast cell divides 

repeatedly. Each nucleus is then surrounded by dense C 3 doplasmic 
material and finally a wall. 

When the nuclei of two different yeast cells fuse prior to the division 

of the nucleus, the resultant spores are se.xually produced in nature—this 

type of spore formation is much less common than the asexual method, 
i.e., \\dthout fusion. 

Conjugation may be isogamic or heterogamic. In isogamic conjuga¬ 
tion the nuclei of two neighboring cells of about equal magnitude fuse. 
In heterogamic conjugation, the nucleus of the bud fuses with the nucleus 
^ the rnother cell, or nuclei of cells of very unequal dimensions fuse. 
The fusion nucleus divides and the ascospores form. The genera 

Debaryomyces and Zygosaccharomyces illustrate isogamic and heterogamic 
conjugation. 

Yeast (^netics.—The nucleus of the yeast cell is concerned with 

heredity Each nucleus contains one or two sets of chromosomes, the 

bearers of heredity. The number of chromosomes in a basic set is usually 

constant for a species. For example, the fruit fly {Drosophila meUino- 

gaster) contains four chromosomes in its basic set, while man {Homo 

sapiens) contains 24 chi-omosomes in the basic set. Each chromosome in 
turn contains genes, the determiners of heredity. 

of ^ “gamete,’’ which in the higher forms 

forms an egg or sperm. However, in the lower 

l!.. method is available for differentiatimr 

us cells. Each gamete carries one set of chromosomes in its nucleus 
or “ mr"" 7-75'’ J^oaiosomes for a species is known as the “haploid ’’ 

Twice th ^ b • "aay be designated as the 1 n or lx number 

r^suLa chromosomes, such as is found in a zvgo'o 

u^r and may be designated as the 2n or 2.r number ^ 

gitimate” diploid Thn777 c ^ as an “ille- 

haploid nature gives rise to an^nireit^m^5 H’T 7 gametes of 

the fusion of a pTus LTetl ^ «^her hand, 

sou. diploid, know/as a 'Cta™""dipS* 
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td 



there are l»elie\*ed 





1* the 

**** **W { typ*^ • •ad «- If t«o fpuneiM of matuii; type a or two gamete 
id mattikf type a fum, the lygute will conuuD tl*e djplokJ numU'r o 

i «• or m. Howe'er, if the « i>-pe fusw with tlu* a type, tlu 

fVMdUat or4J iriU be a lr|pum*ie dipkad a a (refer to Fir. 3). 

.\rrortiuif to LiaihttreA, mcHt hakeni’ aod hrew erw’ yotit<t« (intraiiu oi 

ft. are lUesnunately dipk>»d. Ille«iiimale\iipl.Md.^ usuall> 

form irmrr viahle urt^port^ • Iheoe hontKayipmH illeptimate diplok^ 

•TP fairly »ial4e, more s«> than the Itei erttsy kimi# k*fptiiiiate liiploids, 

lirnw m they <ki Dot UMially f«*rm aMM»|Kirr» and ljeeau«e they are homo 

iy»w. The WKitiinatr djpl<»iil> are Mtalde as lonn a» tliey reproduce 

vvpptativefy fty buddui« Howe\er, Pf>urulaiH« may kuol to a hctero- 

ruiuore leiptintate diphada produce 4 aanwport'ii and occur 
m aaiurr 

^ ^ •'* h^pkad cdU differ from diploid c<‘Us in 

*eorral. the hapkad cHU are smaller, roumk'r, and 
t«l»T Su. 1. 0,41. do I>« uouJIy .ptmil.,,. „d «|^„ iliev do, 

iw u nd u, in Cl..rt. n., 

- *" *ra»ll- •”■1 vMinldr. Dipl.,id 

“■ latK., nnd 

* *' *’.'*• •* >*» f>«<« of t.o «r.,p„TO, (..„do. 

-a. U t... «« k.pk.j .,HU, o, mo.U., «.d AuiKhuT hnploid 

a tr' 7 , “f ^““ ‘-0 «~UP« on 

and =*«romycrs, ZygojHrhia, Mniryo- 

are ve«elative ceUs of of 

nuclear fu«on. tlie diploid kUcc 

a«*»l Md r» to knolnid to ^I!!^ Th. 

fW tran .StodUo—SH ^ *™P' ‘-“xlnunn 

«hr v*«ptat4re cetti are di p L ^t d liai th* •*“**■ fian^enula. Here 

••a.phn duriw »unil^ ^1 *" •'‘‘•■o*" 

■ml _ , **1*^ vf^iHalive oriLt, uMtallv .inMlI 

--- f . _ n^JW spores, Th«e spcaea or 

lonmd fro* tboa u.]. futo .nd p,„j 
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myas validus. resultant hybrid 

standard bakers’ yeast. A hybrid i 


unable to synthesize p)yrido.\ine. 


are parucuiarly significant. 




Yeast Spores.—Sporulation in yeasts is important for two rea.sons 


environment. The ascospores of y 
desiccation than the vegetative cellt 
heat than bacterial spores. 


Sporulation.—Sporulation may be initiated by a deficiency in the food 
supply and the accumulation of to.xic end products* but will not proceed 
unless certain other conditions are favorable, namely, the veast cells 
must be young and vigorous; there must be plenty of air and moisture 
available; the pH of the medium must be suitable; inhibitory substances 
must be absent; and the temperature of incubation mu.st be satisfactor>\ 
le presence of stimulating substances promotes sporulation. 

In order to produce vigorous young cells, the yeast should be cultured 
m a suitable medium and transferred frequently. Reserve foods— 
gh cogen, fat, arid other products—are stored in the yeast. The use of 
such cells will insure sporulation, provided the other conditions are 
satisfactory and the yeast has the ability to form endospores. 

Oxygen is essential for sporulation; without it no spores are formed. 

Temperature is important. Each variety of yeast sporulates most 
readily in a given temperature range. Above certain temperatures and 
below others, sporulation fails to take place. Table 4 shows the maxi¬ 
mum, minimum, and optimum temperatures for the sporulation of six- 
varieties of yeasts studied by Hansen. 

>Lindegrex, C. C., and G. Lixdegre.v, Science, 102 CSo. 2637); 3^-34 (1945). 

Lindegren, C. C., Missouri Botan. Garden Bull. 34: 37-43 (1946). 

1 * A., “The Yeaste.” translated and revised bv F. W. Tanner, 

John V\ iley & Sons, Inc., New York, 1920. 
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Fig. 4.— Sporulation of yeast 
^aooratories.) 


(Courtesi/ of H, Kothe and F, 


R. Swifts The Fleischmann 


30 »a"?hneZTe Z “ and 

the most favorable temperatZZr ZoruT 25»C. At 

appear in 21 hr. or more. ^ ascospores jDegm to 

Calcium sulphate stimulates sporulation but restrains budding. Beer 

Tabls 4._M„,mo.,, Opt.m,,, TeMPeK„™-s poa Sp„ 

OF Certain Yeasts* t^POROLATiON 


Yeast 


Saccharomyces cerevisiae, 
Saccharomyces pastoriaiius 
Saccharomyces intermedins 

Eaccharomyces validns . 

Saccharomyces ellipsoidens. 
Saccharomyces turbidans 


Maximum 

temperature, 

degrees 

I Centigrade 

Minimum 

temperature, 

degrees 

Centigrade 

• 35 -37 

9 -n 

29 -31.5 

0.5- 4 

27 -29 

0.5- 4 

27 -29 

4.8-5 

30.5-32.5 

4.7-5 

33 —35 

4-8 

ond. "The Yeasts, 
1920 . 

translated and rt 


Optimum 

temperature, 

degrees 

('entigrade 


30 

27,5 

25 

25 

25 

29 
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containing glucose or other sugars or gelatin stimulates sporulation, but 
ammonium salts have an adverse affect. Green, blue, violet, and ultra¬ 
violet rays have inhibitory effects on the formation of endospores. 
Extremes of pH definitely retard sporulation. 

Methods of Inducing Sporulation.—There are a number of methods 
for inducing sporulation, some of which have been reviewed by Henrici' 
and by Lindegren and Lindegren.- They involve the use of nonnutrient, 
vegetable and/or fruit, and other types of substrates. Failure of a 
medium to induce sporulation in an unknown j'east does not necessarily 
mean that the yeast is asporogenous. Before arriving at such a con¬ 
clusion, it may be necessary to try several different methods. 

1. Plaster of Paris Block. —In this method, introduced by Engel, the 
upper surface of a block molded from pure plaster of Paris is scraped 
smooth. The block is placed in a glass container, which is fitted with a 
cov’er, and water is added until the block is about one-half submerged. 
The container, cover, and contents are then sterilized. Yeasts cells from 
a young, vigorous culture, which has been grown on a suitable medium 
with frequent transfer, are placed on the smooth surface of the block, and 
the container with contents is incubated at the desired temperature (25 
to 30°(\ usually) for 30 hr. or longer before observations are made. 
Hansen has devised a special flask for use in this method. Clay and 
blotting paper have been substituted for plaster of Paris. 

2. Plaster of Paris Slants. —This is a modification and improvement 
made by Graham and Hastings.^ Plaster of Paris is mixed with an equal 
weight of water and introduced into bacterial culture tubes in appropriate 
amounts (about 10 ml.). The tubes are placed in a slanted position in a 
drying oven at a temperature of ai)proximately 50®C. and allowed to dry. 
Afterward the slaiifs are plugged with cotton and sterilized. 

Lindegren and Lindegren, who used such slants in combination with 
their presporulation medium (to be described later), advocated the 
addition of 3 ml. of sterile water, acidified to a pH of 4 with acetic acid, to 
the base of each slant at the time of its use. 

3. Carrot Infusion Agar {McKelvcy). —Finely subdivided unpeeled 
carrots are autoclaved with water. The solids are separated from the 
extract by filtration anfl light pressure. Hufficient agar is added to thii 
extract to solidify it (about 21) g. per liter). liefore adding the carrot 
infusi(m agar to the cultnre tubes, a small amount of calcium sulphate is 
placed in each. The medium is sterilized and slanted. 


* Henrici, A. T., Bart. Rni’i., 6; 07-170 (1041). 

’ Lindeorkn, C, C'., and (I. LiNi>E(iKEN, Bolan. (Inz., 106 (No. 3): 304-316 (1044). 
*(!r.miam, V. It., and K. (!. IlAsriNa.s, Can. Jour. Rea., 19; 2.')! 2.')(i (1041). 
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4. Sporulation Slock Medium. —Mrak, PhafT, and Douglas' have 

devistnl a medium which has produced good sporulation within 1 week or 

less with several hundred yeast cultures and which serves also as an 

excellent stock-culture medium. This meilium is prepared by grinding 

etjual weights of washed and unpeeleil beets, carrots, cucumbers, and 

|>otatot's, mi.xing with a weight of water equal to the combined weights of 

the vegetables u.<e<.l, autoclaving the mixture for 10 min. at a pressure of 

10 lb. per sq. in., separating the solids from the extract by filtering through 

chee.secloth and applying some pressure, adding 2 per cent of agar to the 

extract, distributing the infusion agar into culture tvd)es, sterilizing for 15 

min. at a .steiun pressure of 15 lb., and slanting. The pH of the extract is 
reported to be about 5.7. 

5. Pres-pondatioti Medium .—Lindegren and Lindegren^ have reported 

the achievement of goo<l results through the combined use of a presporu- 

lation meilium and plaster of Paris slants, although the presporulation 

meilium itsi^lf m ill produce endospoi es if incubated for a few weeks. The 

prespijnilation medium devisial by Tindegien and Lindegren contains the 
following ingredients: 

leaves <‘Ktrnct... mi 

, 10 ml. 

roots extract.. . on i 

. ... . ^0 ml. 

Apricot juice. or i 

,. . . . 35 ml. 

(»ra|M‘juice. 

\ * , . , . It).5 ml. 

1 t’jusf KlricU'. 

tllycorol. 

t alciuiii carl>onatc ^ 

AKar.‘.. 

U liter to. . . ^ 

. 100 ml. 

•n.c medium i, SI,.amed for .0 min. an,l then distributed into culture 
tulx',.. rhe tubes are sterilize,! for 20 min. at 15 lb. and cooled in a 
riante,! p,,Mt,on. If end,jsp„res arc desircl tvithin a .short time the 
pro. ..lure ... aa follows: Approximately I ml. of sterile water is pipetted or 

presp.,nila- 

ion meilmm. ] he tul>e is allowed to stanrl fnr in Tvai.. j .u 
suspension of the yeast cells is made in the water Thi^ ^ 

pip...te.l to the upper portion of a plaster of piri, lant VboTtT'T 'f 

;::itm”f’tTe:;:::f 1: ii' - Pip:.ted‘o„ro'thl 

2 .h..vs and tirelamltl'rr^eXtr ‘ 

J M,.,,. l;. .M., V. P„.„, ^ 

’LtNDKflRKV and LlNDEflRE.V, /oc. cit. 
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G. Vegetable Jnice Medium. —A medium prepared from a commercially 
available canned blend of eight vegetable juices with sufficient agar to 
solidify it has been used by Henrici^ to obtain sporulation of yeasts. 

Wickerham, Flickinger, and Burton- have modified Henrici’s medium 
and reported a “high degree of sporulation.” The blend of eight vege¬ 
table juices from a can containing 1 pt. and 2 fl. oz. is adjusted to a pH of 
6.8 with potassium hydroxide. One-half of a cake of compressed yeast is 
suspended in the juice and steamed for 10 min. to destroy the yeast cells 
and to liberate some of their contents. 

The medium is again adjusted to pH G.8 and then added to an equal 
volume of hot distilled water containing 4 per cent of melted agar. After 
mixing, the medium is dispensed into tubes or bottles and sterilized foi¬ 
ls min. at a steam pressure of 15 lb. 

Not sooner than 8 hr. before use, the medium is freshly slanted. The 
whole surface of the slant is inoculated lightly with a 24-hr. culture of the 
yeast, which has been grown on a slant of yeast extract malt extract agar 
at about 28°C. According to Wickerham and his associates, good sporu¬ 
lation of species of Hansenula, Zygohansenula, Pichia, and Zygopichia may 
be expected to take place within 3 days, of Saccharomyces and Zygo- 
saccharomyces within 5 to 7 days, and of Debaryomyccs within 5 to 20 days. 

The junior author suggests that canned vegetable mixtures could also 
be used in the preparation of a spondation medium. The vegetables 
could be used instead of fresh ones for the preparation of an infusion. 
The filtered extract would be solidified with agar. 

7. Other Vegetable and Fruit Substrates. —C'arrot plugs, potato plugs, 
cucumber wedges, grape juice, prune juice, raisins, cherry juice, raisin 
agar, and other substrates have been used successfull.y to induce sporula¬ 
tion of yeasts. 

8. Gorodkowa’s Medium. —Satisfactory results have been obtained by 
inoculating slants containing (lorodkowa’s medium with an active 
culture of yeast: 

Ghicow. 0.25 k. 

H(‘ff extract. I OOr- 

Akuf or K'-liitin . I .OOk- 

Hodiuni cJiloridc. 0.50 k. 

Dtstillcd water. 100.00 nd. 


9. Kujferath's Medium. —Malt is hydrolyzed w-ith sulphuric acid and 
neutraliztid to various pH levels w-ith calcium carbonate and sodium 
liydroxide. Agar is added, and the media are sterilized and inoculated. 

' Hknhk'i, toe. cit. 

* WicKKRiiAM, 1.. .1., M. II. Flickinokh, and K. Bchton, Jour. Bad., 62 

(No. 5); 611-612 (1016). 
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10. Soil Extract Gelatin Mediinti .—This medium, developed by 
Xiehaus (1932), is prepared by extracting 1,000 to 1,500 g. of garden soil 
with 1,000 ml. of water, by separating the solids from the extract by 
filtration, and by adding 15 per cent gelatin. 

11. Other Methods .—Various other methods have been used for 
inducing yeasts to sporulate. Sterilized sausages have been used by 
Stelling-Dekker for sporulation of Debaryomyces species. Endospore 
formation may be occasionally induced in compressed yeast bj’ storing it 

s in a refrigerator. Beechwood chips, soaked and sterilized, 
liave been used by at least one investigator. Sugar solutions in shallow 
layers have lH‘en employed successfully. 

The Isolation of a Single Spore.—^^'inge and Laustsen* regard the one- 

spore culture as l^ing the smallest biological unit in yeasts instead of the 
single cell. 





{Courtesy of Dr. 0. Winne, Carlsherg 


Uustsen has developed a technique for isolating all the spores of m 

.Tr ;“hrat“'' a„d“Luba^ ngS :: 

n "?!^rn"ee!lle"tvhioh ha""* "t* f 

'No. 6): 99 (1937). ’ P ■ trav. lab. Carlsberg, Sir. physiol., 22 
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introduced through one opening of the operating chamber (Fig. 5); 
the other needle, which has a point approximately 2.5 microns in diameter, 
is introduced through the other opening. The two needles are manipu¬ 
lated in such a manner as to burst the wall of the ascus against the surface 
of the cover slip. Each of the spores liberated is pulled into a separate 
droplet of sterile wort, which has been placed previouslj' on the cover slip. 

After the spore has germinated and a colony of cells has developed, 
some of the cells are transferred by the use of a sterile platinum needle 
to a Freudenreich flask containing sterile wort. Some of the remaining 



Fio. ()r -The isolation of single spores. (Courtesy of Dr. O. Wingt\ Carlshery Lahoratory, 
Copenhagen.) 


(•(dls may be transferred to a second flask by using a sterile, pointed piece 
of filter paper. 

Occurrence and Distribution of Yeasts.—The budding fungi are of 
wide distribution in nature. Their habitats may include not only the 
upper layers of the soil but also many forms of oi'ganic matter, especially 
of plant origin, where carbohydrates are of common occurrence. Yea.sts 
may be isolated particularly from the soil of vineyards and orchards; from 
the surfaces of grapes, apph's, and most sweet fruits; from citrus fruits; 
and from the leaves and other parts of plants. They are carried into the 
air with dust and on the bodies of insects and thus may be widely dis- 
seminatf'd. Proctor* has shown that yeasts may be found in the air at 
high altitudes. Some types of yeasts are also found occasionally on 
animal products. 


' l^Hor’TOu, B. 10., Proc. Am. .iend. Arts Sci., 69: 315 (1031). 
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Methods of Isolating Pure Cultures of Yeast—In order to make sure 
that the culture isolated is pure and that it is not in reality a mixed 
culture of two morphologically related varieties of yeast or an undesira¬ 
ble combination of microorganisms, it is necessary to isolate single cells 
by special technique and to observe these cells during reproduction 
Although there are several methods by which pure cultures may be 
isolated, the methods cited here will be restricted to the more important 

ones. Skill and patience are required in some of the methods of sinde- 
cell isolation. 

1. Moist-chamher Method of Hansen .chamber (Fig. 7) consists 
o a glass slide a glass ring, and a cover slip ivith numbered squares 
(usually 16). The cover slip is attached to the ring by glass cement 




Fig. 7. 


Moist clianiber for Hansen method. 


diluted with sterile^bMr wort o^watw untif'rr" 

yeast cells uniformly throughouUhe agitated to distribute the 

is spread out on a glass shde l^^,^ ‘W* ™dium 

microscope, the slide is e\amined f ^ magnification of a 

If the number is satisfactory (M or L) aTS'^T"** 
and spread thinfy and uniformly 

chamber is placed so that the (tpI +• numbered squares. The 

slip until it has solidified Afterw“trtT ‘V” T™ 

chamber, and the ring is sealed t gltly to ^8^7^ atmosphere in the 

■loaoesssa. A., ..Practi™, Ma 

ChsHe. Griffin . Cnmpan; tX" A. Hanson, 
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The single cells are then located microscopically, and their positions are 
mapped on a diagram corresponding to the marked cover slip. Several 
moist chambers are usually prepared at the same time. They are then 
incubated at room temperature or around 25°C’. for 2 or more days, 
during which time the growing yeast cells are carefully observed. During 
this time the single cells will have developed into colonies. Tubes of 
sterile wort are then inoculated from the individual colonies known to 
have grown from single cells. 

2. The Lindner Method .—This method is a modification of the Hansen 
procedure. The culture containing the desired yeast is diluted in sterile 
wort, cider, or grape juice. Using a sterile crow-quill pen or wire, five 
rows of droplets, 5 droplets to a row, are deposited on a sterile cover slip 
that may or maj’^ not be marked into numbered squares. The cover slip 
is placed, culture side down, over the concavity of a sterile hollow ground- 
glass slide or ring slide after placing a drop of sterile water in the chamber. 
It is sealed with vaseline or paraffin. The droplets are examined micro¬ 
scopically, and those containing a single cell are marked by drawing small 
circles around them, or, if the squares are numbered, the locations are 
recorded by sketching the position of the droplet on a corresponding 
drawing. After incubation and observation, the cultures are transferred 
to sterile wort. 

3. Dilution-plate Method .—Tubes of dextrose, malt, or other suitable 
agar are melted and cooled to 42 to 44°C. Using a loop, a tube of agar 
is inoculated with the yeast-containing culture. The tube is thoroughly 
shaken, a unit amount of this medium is transferred to a second tube of 
melted agar. A third tube is inoculated in the same manner from the 
second tube. The contents of each of the three tubes are poured into 
petri di.shes, and the plates incubated at 25 to 30°C. for 2 or more days. 
^^^len the colonies have developed, samples of those which appear to 
consist of pure yeasts are examined with the microscope, using hanging 
drops. If the yeast appears to be pure and satisfactory, sterile wort may 
be inoculated from the colony. This method, though simple, does not 
ensure the isolation of a culture from a single cell. 

4. The Micromanipidator Method .—The micromanipulator may be 
used successfully in isolating pure cultures of yeasts from single cells. 
In experienced hands, this method is rapid. The euscope, attached to 
the microscope, aids in the isolation of single cells. 

Giant Colonies.’ —Lindner suggested that giant colonies may con¬ 
tribute information that would be useful in identifying a yeast. A large 

* OriLijERMOND, “Clef dichotomique pour la determination des leAaires,” 
Librairie Le Frangois, Paris, 1928; “The Yeasts,” translated and revised by F. W, 
Tanner, ojt. cit. 
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horizontal surface of a suitable nutrient agar or gelatin medium contained 
in an Krlenmeyer flask or a large bottle is inoculated at one point in the 
middle with the aid of an inoculating lUHnlle. Petri dishes may Ije used, 
but owing to their suxeptibility tt) contamination, they must In' wrapped 
with surgi*on s tapt^ or packtal in sealtH.1 containers to prevent contamina¬ 
tion. Incubation is usually made for a period of 1 to 2 months at or 

near 2l) ( ITie use of moist chamlK‘rs aids in preventing the agar from 
shrinking prematurely. 

Identification of Yeasts.—Yeasts are identified on the basis of a 
i,.rgenuml)er of observations -morphological, physiological, biochemical, 
iiltural. and others. The shape and size of the cell; the optimum' 
minimum, and maximum temperatures for budding, sporulation, and’ 
film formation; the copulation of cells; the morphological nature of the 
an.l aM-,s,pores; the method in which a.scospores germinate* the 
< haruc,eristics of the s<*<liment fornunl in wort; the api>earance of colonies 
grown on various solid nu^iJia; the characteristics of giant colonies; and 
the bica hemical characteristics, such as the action on various sugars are 
-me of the more important factors considered in identifying an unknown 

r. rk"' subject the reader is referred to 

^orLv of llans*.ii, Limlner, (luilliermond. Tanner, Kufferath, and 


leasts, like bacteria and other forms of 

- ___ . 1 1 • 


I Nutrition of Yeasts. ouiieria and other forms of 

I e. require .-erlain fixKl materials and environmental conditions for 
pro,^r grow th and repr.sluction. Some elements are basicallv necessary 
f<.r example, carbon, hydrogen, oxygen, nitrogen, phoXmtT 
fiotas^ium. sulphur, calcium, iron, and magnesium. There is accumulat ’ 

rl mttriti'm "Vif 

f,,r ,1 , f compounds are reuuired 

f.,r r .. .facu,o- or funciuni.g „f typoTof yelL™ 

•tiii-ili. -. * for carrying out their life 

|lhr.Tent from i,. lo Wnt'lhe°sl'“u“r, “ nf 

nrnanK- ari.1,, ily.-erol. or el hanol ol some 

from vieapoiot of ar.rimiU.io^'yrZt StZl 

'diixnauoira, a . The V 

Inc . .\>w Vork. 1920. 
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readily fermented. Lactose is assimilated only in certain isolated 
cases. 

Acetates, citrates, lactates, malates, succinates, and tartrates, as well 
as lactic, malic, succinic, and tartaric acids, may be used as sources of 
carbon. 

Ethyl alcohol, in low concentration, occasionally may be utilized. 

Nitrogen .—This element may be supplied to yeasts, depending upon 
the species or strain, in the form of ammonia, ammonium salts, amino 
acids, peptides, peptones (or other soluble protein derivative), nitrates, or 
urea. However, the last two are not usually very satisfactory sources of 
nitrogen for most yeasts. 

Ammonia and ammonium salts, particularly ammonium sulphate, 
appear to be most suitable sources of nitrogen on account of their avail¬ 
ability, low cost, and ready assimilation. Ammonia is apparently 
preferred by yeasts to other sources of nitrogen when these are present in 
a medium. Amino acids are deaminized and the ammonia used by the 
yeasts. 

Wort, which contains amino acids and other soluble nitrogen com¬ 
pounds (produced by the action of the proteolytic enzymes of malt on the 
proteins of barley), is an adecpiate and good source of nitrogen (refer to 
the chapter on Brewing). 

UTILIZATION OF AMINO ACIDS. —Thci’e is Considerable difference among 
the amino acids in respect to their availability and value as nitrogen 
sources for yeasts. The difference depends in part upon the position of 
the amino group present and the isomeric form available. In most cases 
where the amino group is attached to the carbon atom adjacent to the 
carboxyl group (alpha position), the nitrogen from the amino group is 
utilized. For example, aspartic acid, glutamic acid, leucine, asparagine, 
glycine, and tyrosine are very good sources of nitrogen for yeasts. Accord¬ 
ing to Nielsen,* 99 per cent of the nitrogen from aspartic acid, asparagine, 
and glycine is assimilated by yeasts. The structural formulas of these 
compounds follow: 


COOH 

J 

COOH 

1 

CH, 

1 

COOH 

1 

CHNIL 

j 

CIlNIIa 

1 

CH,CH 

j 

Cll^lU 

1 

('Hj 

1 

Clla 

1 

CHo 

1 

CII 2 

1 

COOH 

CHa 

j 

CffINH, 

1 

CONH 2 

Aftpartic acid 

COOFI 

Glutuniic ari<l 

COOH 

Lc'Ufiiie 

Ah paraffine 


* Nielsen, N., Cnnipt. rend. trav. lab. Carlsbrrg, NVr. phystial., 21: 3!)5 Sir. 

chim., 22: 381 (1937). 
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CH2NH2 


i 


H H 

OOH 

Glycine HOC CCHjCHNHaCOOH 

\=c/ 

H H 

Tyrosine 

In some instances only a fraction of the total nitrogen is utilized. 

Only about one-half (56 per cent) of the nitrogen of tryptophane and one- 

third (34 per cent) of the nitrogen of histidine are used, indicating that the 
alpha-amino group is attacked.* 


H 

C 

HC^ 


Hi 


h 


H 

<'.~C 


H 

C—COOH 

NHj 


HC 


O 


V / \ / 

C N 

H H 

Z-Tryptojihane 


HX N 

V 

H 


H H 

C—C—C;OOH 

H NHj 


/-Histidine 


Ml ammo acids except glycine exist in two isomeric forms (the dextro 

form of amino 

f preference to the synthetic isomer; but will 

1 ze both isomers of some ammo acids, for example, the dextro and 
levo forms of asnartm anri __i _ 


In lui cxampi©. 

levo forms of aspartic and glutamic acids and asparagine. 

rOMVlT.TJGTr^XT r\T^ « __ __ , 

Ehrlich has shown that 


CONVERSION OF AMINO ACIDS TO ALCOHOLS.-Jihrlich haS shoivn that 

certain ammo acids, namely, leucine, isoleucine, phenylalanine tnmto^ 

dtarbo" vZon Th“™" ^ deaminXn and 

ecarboxylated m accordance with the following general rLtion^ 

r> /-iTTIWTwr 


R CHaNHj COOH -I- H 2 O 

Amino acid 


-I- NHa -f COo 

Alcohol 


foUo?' certain amino acids to alcohols 


CHa 

CH,—in 

inNH 

iooH 

Leucine 


-f- H 2 O CH 


CH, 

■in 

i 


+ NH, -h CO 


H 20 H 


Isoamyl 

alcohol 


■ Bmm. D., and C. K. Horncb, IF««erate„ UU. Co„„uns., 


No. 6: 5-23 (1939) 
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CHa 

1 

CH 

CH, 

in 


CHa—C’H + H =0 -> CHa—C'H + NHa + CO2 

I 

CHoOH 

Amyl alcohol 


CHNH2 

iooH 

Isoleucine 


H H 
C—C 

HC CCH0CHXH2COOH + H2O 

\=c/ 

H H 

Phenylalanine 


H H 

c—c 

> HC C CH2 CH2OH + NHa + CO2 

\ / 

C=C 

H H 

Phenylethyl alcohol 


H H 

c—c 

HOC CCHjCHNHs-COOH + HjO 

\ / 

C=C 

H H 

Tyrosine II H 

c—c 

^ \ 

HOC CCHjCMIaOH + Nil, + 1^)2 

\ / 

c=(; 

H H 

TjtosoI 
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C 

\ 
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-CCHjCHNHjCOOH + H2O 

ni h A 


\ / \ / 

C N 

H H 

Tryptophane 


H 

c; 

\ 

HC (r 
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Thome* has shown that isobutyl alcohol may be formed from valine by 
yeast in accordance with the following reaction; 


CH 


\ 


CH 


CH,^ 

VaJine 


CHCHNH2C00H + H20 


\ 


CHCH2OH + NHj + CO2 

Isobutyl alcohol 


The ammonia liberated by any of the foregoing reactions is available 

for uHhzation by yeasts. The reactions explain the origin of some of the 

constituents of fusel oil, such as amyl alcohol, isoamyl alcohol, and iso¬ 
butyl alcohol. 

effect of vitamins on nitrogen assimilation.—T he ability or the 

mability of a given species of yeast to utilize a particular nitrogen source 
has been used as one means of classifying yeasts. Stelling-Dekker^ 
employed potassium nitrate in classifying the sporogenous yeasts Later 
Lodder> used additionally ammonium sulphate asparagine! pettooe aTd 
urea as ai s in the classification of asporogenous yeasts In order to 

determine the ability of the yeasts to utilize a partLiar nitrog™ cm!! 

pound, she used a modification of the au.xanographic method 4 laree 

rc^e^^r^ *™"t>-P-otinVs?b! 

iitiliWh^' majority of yeasts examined by her were able to 

Wickerham^ Trld outurea.-.a 

mel-cultures. I Teil. Die sporogenen^Hrfen ""pr/f voor Schim- 

Afdeel. Natuurk., Sec. II, Deel 28: 

Akad^ Kaninkl. 

^Langehon, M andP a Sec. II, 32: 1-256 (1934) 

(1938). ' • ^ Ann. paraattol. hunmtne et comparie, 16: 162-179 

Schimmelcultures. II^Tei/ ^®(esammlung des Centraalbureau voor 

„ . E.. and R. C. .4RTAOAvavTU-ALLS.NDS, y<,„. Bad., 49 : 317-333 


' WicaE»B*M. L. J., J„ur. Baa., 62 , (N„, 3). 293 
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strated that the strains of the species tested (obtained from the Northern 
Regional Research Laboratory stock collection) were able to utilize all 
three of these nitrogen compounds when his special medium containing 
vitamins and certain trace elements was used. He also showed that urea 
in 0.092 per cent concentration inhibited the growth of all but 1 of the 10 
species of Candida tested. However, urea in a concentration of 0.040 
per cent was assimilated by all 10 species. 

The results obtained by Wickerham are of great significance, particu¬ 
larly in respect to the classification of yeasts, for they show that in the 
presence of vitamins, yeasts may assimilate nitrogen sources which they 
otherwise might not. 

Wickerham devised and used the following medium (shown in Table 
5), which includes trace elements and eight pure vitamins. This medium 
was used in both solid and liquid forms. 


Table 5.—Composition of Wkkerham’s Special Medium* 


Ingredients 

Concentra¬ 

tion 

ij 

Ingredients 

Concentra¬ 

tion 

Trace elements 


Vitamins 


l^)ron, as H 3 BO 3 . 

0.01 p.p.m. 

Biotin. 

2 ud * 

Copper, as CuS 04 * 5 Il 20 . . 

0.01 p.p.ra. 

Calcium pantothenate. . . . 

400 

Iodine, as K1. 

0.10 p.p.m. 

Inositol. 

2 000 

Iron, as FeCIrBHaO. 

0.05 p.p.m. 

Niacin. 

^ j v/v/v/ 

400 

Zinc, as ZnS 04 - 7 H 20 . 

IT A 

0.07 p.p.m. 

p-Aminobenzoic acid. 

200 



Pyridoxine hydrochloride. 

400 



Thiamin hydrochloride.... 

400 



Uihoflavin. 

200 

Salts 


Carbon source 


KH 2 PO 4 . 

0.875 g.* 

(iliieose 

10 Og* 

K 2 HPO 4 . 

0.125g. 


MkSO,-7II,0. 

0.50 g. 

Nitrogen sources® 


NaCI. 

0.10 g. 

(NIl 4 )..S 04 . . .. 

1 OOtr* 

CaCb-2H-40. 

0.10 g. 

KNOa. 

0 78 


Urea. 

0 40 



Asparagine. 

1 00 



* Peptone. 

1 32 


* Wk'kerham, J., Jout. Bad., 62 (No. 3): 293 (1946). 

* Used separately. 

* Unite Kiven in terrns of a liter of atilution. 


Mineral Requirements .—The exact mineral requirements of yeasts in 
many cases are not fully known. The literature conlains some conflicting 
statements on the subject, as has been shown by .loslyn' in his extensive 

' JosLVN, M. Wallrrslfin Labs. Comniuns, 4 (No. 11): 4!l (1941). 
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review of the mineral metabolism of yeasts. Further careful research in 

this field should lead to a better understanding of the subject and practical 

improvements in the selection of media for growth, sporulation and 
fermentation. ’ 

Chemical and spectroscopic analyses of yeasts and the media in which 
they are grown furnish considerable valuable information regarding the 
indispensabihty of the elements. However, the mere fact that an ele¬ 
ment IS found m the ash of j^east in small amounts does not establish its 
essentiality. 

The following table presents data concerning the composition of yeast 
ashes as determined by three different laboratories. 


Table 6.—Compositiont of Yeast AshesI-2 


Ash con.stituent 


P 2 O 5 . 

K 2 O. 

NesO 

MgO 

CaO. 

SiOj. 
SO3.. 
Cl... 
FeO 



Bakers’ yeast'* Bakers’ yea.st® 


52.3 

35.4 
0.60 
4.8 
1.56 
1.1 


54.5 

36.5 
0.7 

5.2 
1.4 

1.2 
0.5 

Trace 

Trace 


J08LYN, M. A., Walleratein Labs. Communs., 4 (No 11)- 

’ In percentage. vi'io. ji;. 

• Fulmeb. et al. (1928). 

• Heller (192.5). 

• Frey (1930). 


49 (1941). 


prelunt,;' 

total elements. Threlements ll: ‘h® 

and ^ulphur are present in considerabT^mSe; 

from sugars as, for example In the f ** athyl alcohol 

Phates. It is ; eomp^nt 

tor of the enzyme carboxylase). It ^o^arboxylase (an activa- 

and in other components of the yeast ceu” locithin, 

ojemer “ ~ 

element or growth-promotine substane the effect of a given 

in rnost cases T"''" v f^-ontation^^^t is 

employed. Ordinary chemical analyS ofteTZ 

naiysis often fails to reveal sufficient 
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Table 7.—Elements Present in Yeast Ashes ani> in the Components of the 

CiLTi RE Media* * 

Y 

Ashoa frDin yoast pjrown in 


El(‘- 

nicnt 

Williams* 

m(»(liiun 



z 

N 


Staial- 

nrd 

En¬ 

riched 

Malt 

extra( 

^ 5 

K *- 

S £ 

Autolv 

yeast 

.\i 




— 

+ + 

Bft 

-h 

+ 

-b 

+ 

? 

• 

Bp 

— 


— 


? 

Bi 

— 

+ 

? 

• 

-b 

+ 

B 

— 


-b-b 

-b-b 

-b-b 

('a 

+ 

+ 

-b 

-b 

+ 

(V 

+ 

+ 

+ 

-b 

-b 

Cu 

++ 

+-1- 

-b-b 

-b-b 

-b-b 

Au 

+ 

+ 

-b 

-b 

? 

• 

Fe 

+ 

-b 

-b 

-b 

+ 

La 

+ 

+ 

-b 

— 

? 

• 

rb 

+ 

+ 

-b-b 

— 

-b 

Li 

— 

— 


— 

— 

Mg 

+ 

4- 

-b 

-b 

-b 

Mn 

++ 

-b 

-b+ 

-b-b 

-b-b 

P 

+ 

-b 

-b 

-b 

-b 

K 

+ 

-b 

-b 

-b 

-b 

Rb 

? 

• 

? 

• 

? 

— 


Pt 

+ 

-b 

+ 

— 

-b 

Si 

+ 

— 

++ 

+ + 

+ -b 

Ag 

+ 

-b 

-b 

-h 

-b 

Sr 

— 

— 

-b 

+ + 

-b 

T1 

+ 

+ + 

-b 

? 

• 

-b 

Sn 

+ 

+ + 

-b-b 

-b-b 

-b-b 

\V 

— 



4 


V 


? 

— 

! ? 

9 

% 

i 

Zn 

1 

? 

• 

1 

. 

1 + 

1 

> 

1 

i 

1 


1 

Ashes fn>m components of mccHa 


• 

w 

'5- 

5d* 

c 5* 

11 
t. JZ 

X 2 

o 

X 

^ A 

A 

^ j 

# 

C5 

1 

X 

Malt ' 

\ 

extract 

+ 

+ 


— 



.... 

-b 

-b 

+ 

— 

4- 

— 

-b 



— 

— 

— 




— 


? 

• 

— 

— 


-b-b 

-b-b 

— 

? 

• 

1 

— 

4--b 

-b 

-b 

? 

? 

• 

\ 

— 

4- 

-b 

-b 

4- 

-b 


— 

-b 

-b-b 

-b-b 

— 


— 

— 

4-4- 

-b 

+ 

— 

+ 


— 

-b 

-b 

-b 

+ 

+ 

4- 

— 

4- 

— 

-b 

— 

— 

— 

— 

4- 

-b 

-b 

? 



— 

9 

• 

-b 

9 


— 

4- 

— 

4- 

-b 

-b 

— 



3 

+ 

-b-b 

-b-b 

— 

— 

—— 

7 

• 

4- + 

-b 

+ 

i 

» 

1 

— 


4- 

-b 

-b 

1 

1 * 


— 

4- 

9 

* 

? 

• 

\ 

1 

1 

1 

— 


• 

-b 

-b 

— 


— 

— 

... 

+ -b 

-b-b 


_ 



-f 

-b 

-b 


9 

• 

4 

\ 

— 

+ 

4-4- 

r 


4- 


4- 

-b 

-b 

— 



— 


+ + 

-b-f 

? 

• 

-b 

i 

1 

i ““ 

+ 

? 

m 

? 

■■■■ 

— - - 

' ? 1 

• 

1 — — 

9 

1 • 


— 

—— 

1 _ 

i 

1 

1 

-h 

; + + 

1 

— ^ 

# 

T 

■ 

» 

1 

\ 


I Richards. O. W.. and M. C. TRorrMAN, Jour. Baet.^ 39 (No. 6): 739 (1940). 

* + * present, -h + « stron^y present, — «= absent. ? = possible trace, 

* Kno^'n part of medium. 


information concerning the trace elements present. Such information 
may be supplied by the use of a spectroscope. Richards and Troutman* 
have analyzed spectroscopically the mineral content of the ashes from 
yeasts growm in certain culture media, and of the ashes from the com¬ 
ponents of the media. Table 7 presents data obtained by them. 

Certain trace elements, for example, copper, iron, thallium, and man- 

‘ Richards, O. W., and M. C. TBorrMAN, Jour. Bad., 39; 739 (1940). 
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ganese, are of considerable importance. Elvehjemi demonstrated tliat, 

bakers yeast will grow poorly in a medium low in iron and copper These 
elements appear to be essential for the elaboration of cytochrome Iron 
catalyzes respiration through the action of catalase, peroxidase, and 
cjnochrome oxidases. According to Richards,== growth of yeast is 
slirau ated when thallium is added to \\'illiams’ medium (20 g. of sucrose 

n O' 1.5 g. of asparagine, 0.25 g. of C’aC’lo, 

and 0.2o g. of Mg-sO^ TIIjO m 1 liter of distilled water). Edbacher is of 
the opinion that manganese activates yeast arginase. 

Further information concerning the mineral metabolism of veasts and 

methods of studying the nutrition of yeasts will be found in the following 
paragraphs. ^ 

T\ble 8.—Some Semisyntiietic Media 


Substance 


Sucroao. 

IWtrin . 

Milt I . 

. 

KH:P04. 

(**i(*i,. 

( a, PO4),. 

M|:S(>4 . 

I distilled water 


Medium of 
Devereux and 
Tanner/ grams 

4 

Medhim F of 
Fulmer and 
, Xelson,* grams 

1 Medium of 

1 

Mayer/ 

grams 

\ 

10.0 

0.12 

0.05 

10 0 

0.00 

0.188 

0.100 

15.0* 

0.01 

0.100 

0.1 

. 

0 02 

100.00 CO . 

• • « • • 

100 . 0 ec. 

0.1 

0.1 

100.0 cc. 


I f*'^*i*^ Jour. Bitet., 14: 317 (1027) 

11: 45 f 102«V *ncub.Cioii at 30“C. J-. U . Tanner. E. a Devereiix. and F. M. HiRKins, J^our. 

W, ‘ixl revW by F. W. Tan,«r, John Wiley 4 .Son». 

* ^*mAdied suamr 

or nonsynlhe.ic in „X 4 smLr' 

in which the commwitir.n r.f n .v .. medium is one 

. ae«ni.e,. itt rnt it" 

t r'": 111 0931,. 



































L\Dl \S- Tin A I. MIC 'liOBIOLOG }' 



as beef extract and peptone are more qualitative than quantitative. 
Media such as ai)ple juice and grape juice are natural sources of the 
re(iuired fooil materials for the yeasts, as is evident by the fact that the 
yesists found on the surfaces of apples and grapes rapidly ferment at 
optimum temperatures the juices expressed from them. 

Media favorable for the growth of yeasts are also suitable for the 
growth of molds. Owing to the rather acid nature of these media many 
bacteria fail to develo]) well in them or arc inhibited entirely. 

For a further discussion of the subject of yeast nutrition, the rejwler 
is referred to (Juilliermond’s or other standard texts. 

Relative Rates of Fermentation of Glucose and Fructose.—Not all 
sugars are fermented at the same rate. Nor do all yeasts act with equal 
efficiency. In low concentrations of sugar, fructose is fermented at a 
slower rate (expressed as milligrams of carbon ilioxide per minute) than 
glucose by brewers’ yeast at 30°C'.* Although the maximum rates for 
the fermentation of these two sugars differ but little, the rate for gluco.se 
is slightly greater than that for fructose at the same concentration. 
Cllucose is fermented at about the same rate in concentrations between 
1 and 10 per cent; fructose, between 2 and 8 per cent. At high concen¬ 
trations of the sugars, the rate of fermentation of fructo.se is less than 
that of glucose. This is probably referable to the difference in the ease 
with which the enzAunes involved can bring about the cleavage of the 
sugar molecule. 

Yeast Enzymes.—The enz^mies pre.^^ent in yeast include, usually, at 
least three different groups: those concerned uith respiration; those con¬ 
cerned with breaking sugars down to the hexose stage, for example, 
maltase and invertase; and finally those concerned with fermentation. 

Enzymes catalyze the complex chemical changes that take place in 
nutrient sugar solutions, ^^’hether or not a carbohydrate is fermented 
or assimilated depends on the nature of the enzymes elaborated by the 
yeast, provided, of course, that conditions are otherwise favorable for 
fermentation or groii'th. Polysaccharides, in general, are not fermented. 
However, ^^'ickerham and associates- found that Endomycopsis fibuliger 
possessed an extracellular amylase system with a high alpha- to beta- 
axnyla.se ratio. Lactose is fermented by Saccharonryces fragili^ (S. k^fir), 
the yeast of the fermented milk product, kefir, and by a few other yeasts 
but not by *S. cern'i^ae and S. ellipsoideus. which represent the best- 
known and probably most iiidely distributed types of veast. 


* Hopkins, R. H., and R. H. Roberts, Kinetics of ,41coholic Fermentation of 
Sugars by Brewer’s Yeast. Biochem. Jour., 29: 931 (1935;. 

* WicKERHAM. L. J.. L. B. Lockwood, O. G. Pettijohn, and G. E. Ward, Jour. 
Bact., 48 (No. 4): 413 (1944). 
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The enzymes of yeasts are of two kinds; endoenzymes (intracellular) 

and exoenzymes (extracellular). These enzymes react according to the 

general laws governing enzyme reactions but show also a degree of 
specificity in each case. 

1 he enzymes of yeasts may be classified as hydrolases and desmolases 
Hydrolases are enzymes that convert carbohydrates, proteins and 
esters to simpler substances by the addition of water followed usually by 
cleavage. For example, sucrose is converted, after the absorption of 
vater, to 1 molecule each of glucose and fructose as a result of the action 
of sucrase, an enzyme; while raffinose, a trisaccharide, is converted to 
1 molecule each of fructose, glucose, and galactose through the action of 
melibiase and sucrase, enzymes possessed by “bottom” yeast. 

Glycogen is hydrolyzed to glucose, but no cleavage follows the addition 
the molecule of water to the glycogen molecule. Although glycogenase 
may thus convert glycogen to glucose, it may, under certain condWons 
ause the reaction to go in the opposite direction. Thus, some enzymei 
have the ability to catalyze reversible reactions and so to synthraize 
compounds as veil as to break them down to simpler components 

Desmolases are enzymes or enzyme complexes involved in respiration 
and metabolism. Zymase is a desmolase of intracellular origin and 
raieJy or never passes through the cell wall into the surrounding medium 

c»p£a"' P'^-Phatram 3”?^ Hm^ft^rz'ySes oSS 

Tablet 9 summarizes data concernina some of „ r , 

^h-’ ic^r products^ 

"S.S''i,.s:,7sr 'r-r ? ‘•- """"i 

nesium is essentiallrthe ^tttuTf Th 

required by methylglyoxalase. ^ atase. Glutathione is 

suga“ urmorslt;Tha?;ea" 

If yeast juice is dialyzed by passine it tb by Buchner. 

Wane, neither the dialyzate. the portion 


• T-o-Bea, n., Enzyme Chemistry,” John IViley & Sons, Inc., N 


ew York, 1937 . 
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Tabi.k ().—Some Enzymes of Yeasts, Si bstrates Acted upon, and Products 

FoRMKI) 


Enzyme 


Hydrolases: 

A. Carhohydrases: 

1. Sucrase. 

(Saccharase, in- 

vertase,invertin) 

2. Maltase. 

3. Lactase. 

4. Melibiase. 

6. Trehalase. 

6. Glycogenase. 


C 12 H 22 O 11 

Sucrose 


B. Proteolytic enzymes: 

1. Proteases. 


2. Peptidases. 

Esterases; 

1. Phosphatases; 

a. Polynucleo¬ 

tidase . 

b. Phosphatese. 
Amidases: 


C 12 H 22 O 11 

Maltose 

C12H22O 11 
Lactose 

C12H22O11 

Melibiose 

C12H 22O11 
Trehalose 

(CeH io06)x 
Glycogen 

or 

C 6 H 12 O 6 

Glucose 

Yeast proteins 
Peptides 


D 


1, Asparaginase 


Nucleic acid 
Hexose + HgPO^ 

H 2 NCOCH 2 CHNH 2 

COOH 

Asparagine 


II. 


Desmolases: 

A, Zymase group: 

1. Oxj^dorcductase.. . 

(Mutase, dehy- 
drase) 

2. Glycerolphosphoric| 
dehydrogenase 

3. Carboxylase 


ECHO 

Aldehyde 


Glycerolphosphoric acid 

C’HaCOCpOH 

Pyruvic acid 


4. Methylglyoxalaso .j C^HsCO-CHO 

M ethylglyoxal 

6. Hexokinase.1 Hexoses 


Products formed 


C6H12O6 C6H12O6 

Glucose Fructose 


2C6Hi20fl 

Glucose 

C6H12O6 C6H12O6 

Galactose Glucose 

C6H12O6 + C6H12O6 

Galactose Glucose 

2 C 6 H 12 O 6 

Glucose 

CeH 12 O 6 

Glucose 

(CeHioOs)^ “b XH2O 

Glycogen 

Proteoses, peptones, and 
polypeptides 
Amino acids 


Mononucleotides 

Hexosephosphate 

HOOC CH 2 CHNHa 
COOH + NHa 

Aspartic acid 


RCH2OH + RCOOH 

Alcohol Acid 


Glyceraldehyde phosphoric 

acid 

CH3CHO + CO2 

Acetalde- Carbon 

hyde dioxide 

CHsCHOHCOOH 

Lactic acid 

Active hexoses 
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nor the residue will produce fermentation of sugar, 
fractions be mixed, however, fermentation ensues. 


Should the two 


Tie residue, the portion not passing through the semipermeable 
membrane, is thermolabile, being destroyed by boiling The non- 
dialyzable enzymes are found in this fraction. 

Cozymase.—The dialyzate is thermostable and contains, in addition 
to other substances, cozymase or coenzyme I, 

Euler and Schlenk' have proposed‘the following structural formula 
lor cozymase or coenz\TTie I 



„ , H H H H H 

Ootymaae (Coenzyme I) 

dehvdra.ses in thp + \ ® '''' intermediate between two apo- 

(glyreraldehyde phosphoric acid-phosphogfyceric acid f to the” 

lurther detads concern.ng the function of cozymase, refer to page 157 1 

eontJSXutTL iuice which 

t-i^h tter! 1“-’’ - by Uung 

pian^Ynd"!;™ Trl'^eeni^h 'T” 

propbnic and lactic acids; and from rrbIoX!^puI:^:: g.v.ng rise to 

•aias a ptXte 

^ '* "hich functions as a coenzyme This 

»' rhospho™; 

• CArm., 60; 831 (1937). 

itBHOP, O., iind P. OatMEYEa, Biochem. Zeii., 290: 334 ( 19.971 
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system is made up of adenosinemonopliosphate (adenylic acid), adeno- 
sinediphosphate and adenosinetriphosphate. For further details, consult 
the chapter on Facts and Theories Concerning the Mechanism of the 
Ethanol Fermentation. 

Cocarboxylase.—Lohmann and Schuster^ have assigned the following 
structural formula to the coenzyme cocarboxylase, which is diphos- 
phorylated vitamin B: 


H»G 


A 


Cl 

! 

CH2—X 


CH 

i- 

•i!)—NHo in 

/ 

s 


C—CH 


i- 


CHo—CH2—O 


Cocarboxylose (aneurin pjTophosphate) 



Cocarboxylase is thermostable and is found in yeast juice. WTien 
beer yeast is Avashed Avith an alkali, it can no longer decarbo.xylate pyruAuc 
acid, but the addition of boiled, fresh beer-j'cast juice causes the system 
to become acti\'e again, according to the researches of Anhagen,- Avho 
called the thermostable principle “cocarboxylase.” 

Ph 5 rtochemical Reduction.—Yeast possesses strong reducing prop¬ 
erties. 


A relatiA'^ely large number of substances may be added to an actively 
fermenting medium, containing yeast and sugar, and become reduced. 
Aldehydes are reduced to their corresponding alcohols; for example, 
acetaldehyde, glyceraldehyde, furfuraldehyde (furfural), and benzalde- 
hyde are reduced to ethyl alcohol, glycerol, furfuralcohol, and benzyl 
alcohol, respectively. Ketones and diketones may be reduced to their 
corresponding secondarj'^ alcohols, likeAvise, but the rate of reduction is 
slower than it is for aldehydes.® 

The reducing action of j^east is not confined, hoAvever, to aldehydes 
and ketones alone, for methylene blue may be reduced; aniline may l)e 
formed from nitrobenzene, and hydrogen sulphide from sulphur. Other 
types of substances may become reduced also. 

Reduction may be readily demonstrated by adding the substance to 
be reduced to a fermenting medium containing 10 per cent sucrose and 
10 per cent living yeast. 


'Lohmann, K., tind P. Schuster, Natuni'isseuschaftcn, 26: 26 (1937); Biochetii. 
Zeit, 294: 188 (1937). 

® Anhagen, E., Zeit. physiol. Chem., 204: 149 (1932); Biochem. Zeit., 268: 330 
(1933). 

* Harden, A., “Alcoholic Fermentation,” 4th cd., I/jiiRinans, Circen & Company, 
New York, 1932. 
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Classification of Yeasts. 


-The problem of classification of the yeasts 
Ls one of great clifhculty, and modern ^vovk has not tended to eliminate 

all the confusion that has previously existed. The most recent classifi¬ 
cation, here given, supersedes that published in (Juilliermond’s treatise 
on this group of fungi but agrees vith it in putting practicallv all the 
yeiusts now industrially important in the genus Saccharomyccs. “ 

The following classification is that of Stelling-Dekker, modified in 
some resfX'Cts by Guilliermond.* 

Family of Kxdomycetaceae 

I. Subfamily of the Eremascoideae. 

(ieniis Eremascus Kidam. 

form of ascxnal multiplication \scs 
formed by isogamic conjugation, 8 round ascospores. 

II. Subfamily of the Eiidomycetoidrae. 

... '"™"«■>' 

1 . (leniLs Endomyces Rees.s. 

Typical mycelium multiplying by oldia 

heecroganuc 

2 . Cienus Schizosaccharomyces Lindner 
ni. Subfamily of the Saccharomycoideae. 

ccc.aaLnl'uVatTr'^ ** mycelium multiplying by means of coniclial buds and 

'rrd my-iu™ m„l,iplvi„g by 

'inion (vrstigps of spxualitv) rudmirnfuiy attempts of 

'he middle bv a pXiI 1 im 'n 

1 (L filament, smooth or sometimes verrucose. 

/wnus Andomycopm Dekker. 

ribe of the Saccharomyceieae 

me„,.Jtye“:ii.""“'^ •“» —ionally to pmdoee n.di- 

1. tienus Zygoaaccharomyces Barker. 

J"eation: 1 lo 4 round o?rc ^^7 ^sos formed by iso- or heterogamic con- 

in the form of a deprjsit and nro^i^^'^'^'^.'ir ^ developmg in liquid media first 

'‘nv. Producers of alcohoUc fermentafions' ^ P^’^ducing 
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2. Genus Torulaspoia Lindner. 

Round cells. Ascs formed by parthenogenesis in cells having tried to con¬ 
jugate; 1 to 2 round and smooth ascospores. Fungi vegetating in the form of a 
deposit and not producing pellicle or ring or producing it only slowly. 

3. Genus Saccharoviyces Meyen. 

Round oval, or elongated cells, at times with rudimentar 3 ' mj^'celia. Ascs 
formed without conjugation; 1 to 4 round and smooth ascospores. Conjugation may 
be produced between the ascospores or more generally between the first cells pro¬ 
duced by their budding; zygospores being the point of departure from diploid cells 
which, after having produced numerous generations, are transformed into ascs. 
Fungi vegetating first in liquid media in the form of a deposit. Film or ring formed 
slowly or not at all. Producers of fermentations. 

4. Genus Pichia Hansen. 

Cells oval or elongated. Ascs formed hy iso- or hetcrogamic conjugation 
or by parthenogenesis; 1 to 4 hemispherical, reniform, or triangular smooth ascospores. 
Fungi forming, from the beginning, a film on the surface of liquid media. Oxidations, 
sometimes fermentations. 

а. Subgenus Zygopichia Klocker. 

Ascs derived from iso- or hetcrogamic conjugation. 

б . Subgenus Pichia Hansen. 

Ascs formed by parthenogenesis. 

5. Genus Hansenula {Willia Klocker) Sydow. 

Yeasts oval or elongated, rarel}'* round, at times rudiments of mycelium. 
Ascs formed without conjugation; 1 to 4 ascospores having the appearance of a hat or 
girdled with a protruding ring. In certain forms (Hansenula Satumns)^ conjugation 
among the ascospores, or more generally among the first cells derived from their 
budding, and producing zygospores, point of departure of numerous generations of 
diploid cells being transformed finally into ascs. Fungi developing from the beginning 
on liquid media, without film formation. Oxidations and sometimes fermentations. 

6 . Genus Debaryomyces Klocker. 

Round or oval cells, sometimes rudimentary mycelia. Ascs formed by iso- 
or hetcrogamic conjugation; 1 to 2, sometimes 4, round and globular ascospores. 
On liquid medium, first a deposit, then film or ring. Sometimes producers of 
fermentations. 

7. Genus Schwanniomyces Klocker. 

Round or oval cells,* occasionally rudimentarj" mycelia. Ascs formed by 
parthenogenesis after attempts of union (vestiges of sexuality); 1 to 2 ascospores pro¬ 
vided with a medium of a projecting filament and with a verrucose wall. 

(7. Tribe of Nadsonieae, 

Cells elongated and ordinarily apiculate and producing new cells at either 
pole by a process intermediate between budding and division. 

1. Genus Nadsonia Sydow (GuilUermondia Nadson and Konokotine). 

Ascs formed in a bud derived from a zygote resulting from a hetcrogamic 
conjugation; 1 to 2, sometimes up to 4, round and verrucose ascospores. Vegetation 
on liquid medium, in form of a deposit and with production of alcohol. 

2. Genus Saccharomycodes Hansen. 

Ascs with 4 round and smooth ascospores. Conjugation produced regularly 
between the ascospores. Vegetation in liquid media first in form of a deposit. Pro¬ 
duce fermentations. 
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example, Stelling-Dekker used this test in classifying the genus Saccharo- 
myces. 

Raffinose is a trisaccharide that structurally is a cumbination oi 
melibiose and sucrose with the glucose radical common to the t\\ o. I pon 
partial hydrolysis by sucrase it is converted to m.elibiose and fructose, the 
enzyme sucrase acting only on the sucrose portion of the trisaccharide. 

Melibiose (glucopyi'anose-G-a-galactopyranoside) is a disacchande, which 

may be converted by the enzyme melibiase to glucose and galactose. 


H OH 
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Yeasts, which secrete both sucrase and melibiase, hydrolyze raffinose 
to 1 molecule each of fructose, glucose, and galactose. Such yeasts 
completely ferment raffinose. Other yeasts, which possess sucrase but 
not melibiase, hydrolyze raffinose to melibiose and fructose. These 
yeasts ferment only fructose or one-third of the raffinose molecule. 

A number of procedures have been devised to determine the extent to 
which raffinose is fermented. These involve the use of a quantitative 
apparatus, such as the van Iterson-Kluyver apparatusthe absorpHon 
of the carbon dioxide produced during fermentation by means of barium 
hydroxide and the titration of the excess alkali with a standard acid 
solution;* the titration of the unfermented sugar after 14 days;* and a 
method devised by Wickerham,^ which is described below. 

In Wickerham’s procedure, a 4 per cent nutrient solution of raffinose is 
dispensed in special tubes and inoculated with the yeast being tested. 
After the fermentation has subsided and the volume of gas has com¬ 
menced to decrease, each tube is inoculated with a melibiose-fermentmg 
yeast. A record is made of the amount of gas produced by each yeast. 

The basal medium contained 0.45 per cent Difco yeast extract, 0.75 
per cent peptone, and sufficient brom thymol blue to produce a green color 


• Hknrici, a. T., Bad. Revs., 5: ‘>7 (UHl). 

» ‘‘Manual of Metliods for l^lre Culture Study of Hartoria,” Leaflet VI, Society 

of Amorifan Raotoriologistsj (lencva, ^ 1942 . 

8 ZiMMERMANN, J. G., Zr?itr. /iakf, Parasitenk., II, 98 : 30 ( 1938 ). 

^ WicKERHAM, Ij. J., Jout, 46 (Nc). 0 ); fiOl ( 1943 ). 
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at a pH of 7.0. Two-milliliter portions of this medium were added to 
each of a series of culture tubes measuring 12 by 150 mm. and containing 
inverted vials measuring 6 by 50 mm. The tubes and their contents were 
sterilized and to each tube was added aseptically 1 ml. of a 12 per cent 
solution of raffinose, sterilized for 20 min. at 12 lb. steam pressure. This 
medium was then inoculated with a young culture of the yeast being 
tested, which had been grown on a yeast extract agar slant. The tubes 
were incubated at 30°C. Gas production was recorded from time to 
time, and when the amount of gas in the inverted vial commenced to 
decrease, the tube was inoculated with a young culture of S. carlsbergensis 
XRRL 379, an active fermenter of melibiose. The production of addi¬ 
tional gas indicated that the test yeast had not fermented melibiose. 
However, failure of S. carlsbergensis to produce additional gas was taken 
as evidence that the test yeast had already fermented melibiose. 

Wickerham, in surveying 200 strains of industrial yeasts, found that 
the average length of time required for a yeast to complete the fermenta¬ 
tion and for the volume of the gas entrapped in the inverted vial to 
commence to decrease was 7 days and that the longest time required was 
16 days. 

Henrici^ used culture tubes of 25 by 100 mm. size containing 20 ml. of 
medium and inverted Wassermann tubes (10 by 75 mm.) as gas traps in 
cariying out the melibiose fermentation test. He suggested that tubes 
inoculated with pellicle-forming yeasts be shaken a day or two after 
inoculation in order that some of the cells might sink to the bottom, also 
that all tubes be shaken before reading the final results. 

Auxanographic Technique.—In order to determine whether or not a 
yeast is able to utilize a given sugar, Beijerinck^ devised an auxanogi’aphic 
procedure. The basal medium, Avhich contained 0.1 per cent potassium 
dihydrogen phosphate, 0.05 per cent magnesium sulphate, 0.05 per cent 
ammonium sulphate, and 2.0 per cent of washed agar, was prepared, 
sterilized, cooled, seeded heavily with the yeast being tested while still in 
the melted condition, and poured into petri dishes. The heavy suspen¬ 
sion of yeast was used in order to provide the required growth-promoting 
substances. Small amounts of the sugars to be tested (in the dry form) 
were placed upon the dry surface of the solidified agar, sufficiently far 
apart to prevent mixing of the dissolved materials. Glucose was used as a 
control, since all yeasts are able to utilize it. The petri dishes were 
incubated at an optimum temperature for growth, usually 25 to 28°C. 
The sugars diffuse into the agar and, if they are assimilated, cause grovTh 

• Hexrici, loc. cit. 

‘Beijerinck, M. W., Arch, nierland. sci., 23: 367-372 (1889). 
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of the yeasts. No growth takes place when a sugar cannot be utiliz('(l. 
This procedure has been used by Lodder^ and others. 

Lodder^ used a modification of Beijerinck’s au.xanographic techniciue 
in order to determine the e.xtent to which certain nitrogen compounds 
were used by yeasts. The basal medium in this case contained 2 per cent 
glucose, 0.1 per cent potassium dihydrogen phosphate, 0.05 per cent 
magnesium sulphate, ami 2 per cent of washed agar. In carrying out the 
test, approximately 2 ml. of a lieavy suspension of the yeast being exam¬ 
ined were placed in each petri dish and the basal medium added. The 
plates were incubated at 30°C. for a number of hours in order to dry the 
surface of the agar. Small amounts of the nitrogen compounds (ammo¬ 
nium sulphate, asparagine, potassium nitrate, peptone, and urea) were 
then placed on the surface of the agar. The petri dishes were incubated 
at 25°C., and later observed to determine which sources of nitrogen 
supported growth. 

Since the auxanographic method may produce erroneous results if a 
sugar or nitrogen compound diffuses over too wide an area in the petri 
dish, some workers have preferred to use liquid media and to test for the 
utilization of each given substance in separate cidture tubes. 


GROWTH-PROMOTING SUBSTANCES 

Definition. —Growth-promoting substances, or growth-accessorj' fac¬ 
tors, may be considered to be substances which, when added to a medium 
containing the usual sources of encrg\', carbon, nitrogen, and basic 
inorganic salts, accelerate the growth of a microorganism. 

Controversial Nature. —The subject of growth-promoting substances, 
especially bios, has been a cause of controversy, particularly during the 
first part of the present century. Failure to agree on findings in different 
laboratories has been due in large part to the use of different species or 
strains of yeasts or other microorganisms. Copping,- B illiams,* and 
others have shown that the requirement for bios, for example, dejxmds 
on the type of yeast and the composition of the medium. 

Bios. —Space does not permit an extensive review of the literature 
concerning bios. The subject was reviewed, however, by 1 anner,"* in 

* Lodder, J., Die Hefesaminlung des Ccntraalbureau voor Srliimmeletilturo.®. 
II Teil. Die anaskosporogenen Helen, Erste Halftc, 1 erhandel. Koninkl. Akad. 
Weteiischnp. Amsterdam, Afdecl. .\ atuurk., See. II. Deel. 32: 1—256 (1934). 

* Coppi.vo, A.. M., Biochern. Jour., 23: 1050 (1929). 

» Williams, R. J., J. L. Wilson, and F. W. vox der .\he. Jour. Am. Chem. Soc., 
49: 227 (1927). 

< Tanner, F. W., Chem. Rev., 1: 397 (1925). 
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1925; by Lutman* in 1929; by Buchanan and Fulmer- and by Miller^ in 
1930. 

Since the appearance of these reviews, considerable new research has 
been carried out concerning the growth substances of yeasts, and the 
identities of several components of bios have been established. 

In 1935, Thimann^ outlined the more important advances in the 
knowledge of bios, while Koser and Saunders® (1938) presented an exten¬ 
sive review concerning bacterial accessory growth factors, which included 
a survey of yeasts and molds. 

Origin of the Term.—Wildiers® (1901) proposed the name “bios” for 
the hj^pothetical organic substance of biological origin that stimulated 
the growth of yeasts. He based his evidence for the existence of bios on 
a series of observations made during his researches. He observed that a 
beer yeast, a strain of Saccharomyces cercvisiae, grew poorly on a synthetic 
medium that contained ammonia as the source of nitrogen, but that the 
addition of a small amount of organic material, such as beer wort, caused 
rapid growth of the yeast. Likewise small amounts of inoculum some¬ 
times failed to produce gro\rth in a medium, whereas relatively large 
quantities of inoculum produced rapid growth. The filtrate from boiled 
yeast produced the same effect as a large inoculum. Liebig’s meat 

extract and other organic substances of biological origin stimulated 
growth. 

Wildiere’s ideas on bios were soon challenged, but they served as a 
basis for subsequent important research. 

Chemistry of Bios.—The complex known as bios is soluble in water 

and in 80 per cent alcohol but insoluble in absolute alcohol and ether. 

It is relatively stable to heat and moderately so to acids but is destroyed 

by boiling in a 20 per cent solution of sulphuric acid. A boiling solution 

of sodium hydroxide, of concentration much in excess of 1 per cent, 

usually destroys bios. It is dialyzable through a semipermeable 
membrane.^ 

Lucas® demonstrated that bios may be separated into two fractions 

^ ^ McGraw-IIill Book Company, Inc., New York, 

. ■* I- Fulmer, “Physiology and Biochemistry of Bac- 

ena, \ol. II, The dliams & AA'ilkins Company, Baltimore, 1930. 

’ Miller, W . L., Jour. Chem. Education, 7: 263 (1930). 

‘Thim.\nn, K. V., Ann. Rev. Biochem., 4: 545 (1935). 

‘ Koser, S. A., and F. S.wnders, Bad. Rev., 2: 122 (1938). 

* W 1 LDIER.S, E., Cellule, 18: 313 (1901). 

& to Bacteriological Chemistry,” The Williams 

Ot M ilkins Company, Baltimore, 1938. 

‘Lucas, G. H. W ., Jour. Phya. Chem., 28: 1180 (1924). 
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by the use of an alcoholic solution of barium hydroxide. The barium 
salt of one fraction, bios I, was insoluble in alcohol, while no salt was 
formed by the second fraction, which was designated as bios II. Neither 
of the fractions by itself had much activity, but a combination of the two 
fractions produced growth stimulation. 

1. Bios 1. i-lnositol. —Eastcott‘ identified bios I as optically inactive 
inositol, which has the following structural formula: 

CHOH 

/ \ 

HOHC C'HOH 
HOHd’ 

i-Ino8itol 

Inositol had very little action when used alone but was effective when 
combined with other components of bios. 

2. Bios II .—Bios II, the portion of bios not precipitated by an 
alcoholic solution of barium hydroxide, has been fractionated into other 
substances by different methods. 

a. P.4NTOTHEN1C ACID. —Using fuller’s earth, Williams and his cowork- 
ers^ separated bios II into an adsorbed fraction, replaceable by vitamin Bi 
(thiamin or aneurin), and an unadsorbed fraction designated by them as 
“pantothenic acid.” 

The term “pantothenic” is derived from Greek and signifies “from 
everywhere.” Pantothenic acid is thus named because it may be iso¬ 
lated from a large number of sources, which include plant (bacteria, slime 
molds, etc.) and animal tissues. 

Pantothenic acid has been s^mthesized by Stiller, Keresztesy, and 
Finklestein® of the iMerck Research Laboratories. It has the following 
chemical structure: 


HO— 


H CH, OH O 

U- 


I I 

H CH, 


H H H O 

-U-t 


N’ 


—OH 


H H 


It is prepared by condensing alpha-hydroxy-beta, beta-dimethyl-gamma- 
butyrolactone, a product that has been synthesized, with beta-alanine. 
Small amounts of thiamin, or relatively large quantities of f-inositol, 


* Eastcott, E. V., Jour. Phys. Chem., 32: 1094 (1928). 

* Williams, R. J., and E. Bradway, Jour. Am. Chem. Soc., 63: 783 (1931); and 
Honn, Jour. Plant Physiol., 7 : 629 (1932). 

* Williams, R. J., and R. T. Major, Science, 91: 246 (1940). 
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rwspeoi to certain yea^t: 

6. BioTix. —If him? b fractionated with charcoal, the julsorlied portion 


ciMiuuiui a suDMance uesijtnaieii oy i\ogi aim nis a.'<?ooiates* as oiorin. 
'riiis liubKtance may lie eluteil from charcoal by the aid of an atiueous 
'Solution of ammonia and acetone, .\fterward the prtxhict may l)e puri- 
fiwl. KogI* 'tales tliat approximately 3(i0 tons of ordinary yeast would 
In- nece'.->ar>' for the production of I g. of biotin. The unailsorlx'd portion 
lia.' been called bios III. 

Biotin has been assigned the tentative formula CnHijOjXjS. It ha.s 
lieen obtained! as the methyl e-ter in crystalline form. One part of biotin 
m -1 X 10'* parts of medium caused a distinct stimulation, while one 
j»art in 10“ part.s produc<*d a ia*rceptible effect on the growth of yeast 
(strain Mi. The growth cffe<’t is increa.s4sl by the presence of the cofac- 
ton i-inn«itol and thiamin. 

r. iiET\-.\L.\M\K. -Miller and his assiK’iates* have .separated bio.s II 
into two fraction.s by the use of charcoal. Tin* |)ortion ailsorln^l by the 
cliarcoal an<l removed by sliaking with an aque»)us solution of acetone and 
aiiimonia was dcsignatisl a.s “bios ll^f, ’ while the unadsorbed portion of 
Imok II, the filtrate, was callcil “bios Il.l.” The propertie.s of bios II.l 
an* due to lieta-alanine and leucine.* 

In a mchum containing sugar, salts, and 5 mg. of inositol per liter, the 

grrmlh of several strains of yeasts was stimulat(*d by the addition of as 

little as (M)H micnigram of d-alanine jK'r cubic centimeter of medium 

-apprxiximately I part in 12.(MKI,0PP.. .\spartic aci<I enhancfni the 

rffret.* Pantothenic acid. :tnd thiamin in at least one case, stimulate<l 

when a<i<ie<i. 

At vety high dilutions, tf-alanine may lie slightiv inhibiforx' ^ Nielsen 
aiKl IlanHius state that the <#-alanine is toxic 'to yeast excpt when 
asparagine, or a-jairtir a<>id, is a constituent of the medium.* 

d. Tui\gi\, \\il!iams an«l his as}«K-iat<*s (lt).3()) observ<*fl that 

tl«min (yiUmin H,. or aneurii.) stimulatr-d the growth of a certain strain 

ol ri^i. * 


17 


» ** ** HioeJum Jt,ur., 28: 1887 (IU34; 

: W ■‘3 Irul., 

^ ^ Spa.us,,. Traru. .s,,. Ta.. Ill, 

Muxaa. T-rm* Rmj Snc C «i,.. m 80: '.w (l<).3«t. 

w iLUiWs.. R, J , ari.l K. Jtntr .4 

* Vir.u*r.H, \,. und y H.iwrruea, Bmrhr 


«. ('hfm. Snc., 68: tvis ! lU.Vl 


u o 2»«: 3.>9 ti;«38 

•■d R K. RofcHii. W. BioL r/um . 9n:5Bl (1930). 
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Thiamin has the following structural formula; 


N=C-NH2 

Hsci i—CHr 

]|—(!h 


CH, 
Cl i 

\ 


CCHrCHaOH 



i 


Pyrimidine ring 


Thiazole ring 


FarrelT found that Saccharomyces hanseniospora valbyensis reproduced 
well in a medium containing tomato juice but not in a medium containing 
inositol, bios llA, and bios IIB. She designated the substance that 
stimulated growth as “bios V”. It has been shown that bios V may be 

replaced by thiamin. ^ 

Thiamin has a marked effect on yeast fermentation, according to 
Schultz and his coworkers. ^ 

Thiamin, derivatives of thiamin, and the pyrimidine and/or the 
thiazole portions of the thiamin molecule may serve as accessory growth 

factors for certain microorganisms.^ 

lihodolorula rubra and R. jlava^ are stimulated not only by the intact 

thiamin molecule but also by the pyrimidine ring of the molecule. A 

concentration of approximately 0.4 microgram of thiamin m 25 cc. of 

medium produced maximum growth. 

The action of thiamin, pyrimidine, and thiazole on various yeasts has 

been investigated by Schultz and his associates.® 

e BIOS VII— A “useful constituent,” which accompanies bios UB, 

has been named “bios VII” by Miller.^ Marchant (1942) has shown 

that bios VII may be almost replaced by pyridoxine. 

Sources of Bios Constituents.— Constituents of bios may be isolated 
from a large number of sources: from wild yeasts, from Aspergillus ntger,’’ 
from the leaves and buds of the birch,® from malt rootlets,® from beer 
wort, from tomato juice, from the charcoal used in the refining of raw 

brown sugar, and from many other sources. 

1 Farrell, L. N., Trans. Roy. Soc. Can., Ill, 29: 1G7 (1035). 

* Millkr, VV. L., Trans. Roy. Soc. Can., Ill, 31: 1.5!> (H)37). 

» SCHUCTZ, A. S., L. .Vi-KiN, and C. N. Frky, Jour. Am. Chen. Soc., 69.948 (1.M7;. 

‘ Kosbr, S. A., and F. Sacnoeus, /W. /ftr., 2: 99 (1938). 

‘SCMOPFER, W. II., Compt. rend., 206: 445 (1937); Compl. rend. soc. bioL, 126. 

A. S., I,. Atkin, nn.l C. N, Fl«v, Jo,.r^ A 

1 Nielsen, N., un<l V. llARTEUtrs, Compt. rend. trav. lab. Carlsberg, Sir. physiol., 
22:1 (1937). 

» Daiiys, .1., Proloplasma, 24: 14 (1935). 

» Peas, J., Jour. Biol. Chem., 61: 5 (1924). 
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Function of Growth Substances.—Thiamin is closely related to 
cocarboxylase and is believed to function in the structure of the latter 
compound. 

The exact functions of biotin, inositol, /3-alanine, and pantothenic acid 
are not known at present. 

For further information concerning this subject, the reader is referred 
to the publications listed in the following bibliography, some of which 
contain additional references. 
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CHAPTER III 


SACCHARIFYING AGENTS: METHODS OF PRODUCTION 

AND USES 

Introduction.—Starches, heniicelluloses, and celluloses must be 
hydrolyzed or converted to fermentable sugars by enzymatic or chemical 
agencies before they may be used for certain industrial puiposes, such as 
ethanol production. A variety of methods may be used for converting 
complex carbohydrates to relatively simple materials. Some of these 
methods are applicable in the case of starches alone and others, with 
suitable modifications, may be used for the saccharification of either 

starches or cellulose materials. 

Methods of Saccharifying Starch-containing Materials.—In general, 
the methods of saccharifying starch-containing materials involve the use 
of enzyme preparations or dilute acids, or a combination of the two. T he 
enzjTne preparations that may be used include malt, v hich is of cereal 
origin, and those of microbial origin, among which are mold and bacterial 
products. Illustrative of preparations of fungal origin are mold bran anc 
fungal amylases. Either liquid or solid bacterial preparations are avail¬ 
able. A method that depends upon growing an amylase-producing mold 
in the substrate that is to be fermented after saccharification is knowm as 
the Amylo process. Dilute acids, particularly hydrochloric acid, may be 
used to convert grains, potatoes, and other starch-containing rav mate¬ 
rials. Various combinations of malt with mold bran, or other enzyme 
preparations of microbial origin, may be employed; or combinations of 
acid with mold enzymes may be used. The method of conversion 
selected will depend, of course, on the use intended and the availability of 

the hydrolytic agents and their relative costs. 

Cooking the Mash.—The purpose of cooking grain mashes is f,o 
prepare them for the conversion process in which starches are saccharified 
to fermentable sugars. During the cooking, the starches are solubdized 

and gelatinized. 

Cooking may be accomplished by batch or continuous processes. In 
batch operations, cooking may be done at atmospheric pressure with 
temperatures below the boiling point of water by methods known as 
infusion processes; or under pres.sure. The continuous processes utilize 
high temperatures, obtained by the use cf high steam pressures, and shor*^ 

periods of time, usually less than one minute. 
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lufuxion Process. Some materijils, .such as wlieat, rye, rve malt, and 
harle}- malt, may be a<lequately cooked by infusion processes. For 
example, wheat may lx* prepared in accordance witli tlie following method 
of ."tark, Adam.s. .'^ealf, and Kohu-hov.* Clround wheat is addetl .slowly 
to water at a temperature of 1(M)°F.. while being agitated continuously. 
I he temrx-rature of the ma.sh is elevateil to 155°F. during a period of 4.5 
ruin., held at 1.5.) I-. for 00 min., and then lowered to ]32°k^ \t this 
ten.fx-rature a slurry of malt may be added. Conversion may be carried 

out at 140°!*. for 30 ruin. 

/inlcl.-lyp,' /v,»urf 'I'liis process is carried out in tanks’ 

of larac capa,-,ly. for example, 10,IM)II gal. or more. Tlie tanks are 

e.,m|.pe,l with agitators, inlets for the tvaler an,I tlte graitt, otttlels 

steam spargers, usually a means for protlttcittg vacttttm, and tnth othet- 
ac(*<*'-.-on<vs. 

Ihtrtttg o|s-rttltott, water at a femporatttre of 121) to I-fO°F. is ail,led to 
O' tank tti an atitottnl suffii ient to sttp|ily 18 to 22 gttl. for etteh httshel of 
eorn or other grant. .Sttlphttrie a,-id is a.lihd to bring the pll of the mash 
lo f to .t t,. I hett th<. gro,tt.,l cortt is ad.leil slowly, with agilatiot, 
llte tttash ,S heat.sl to 31)3 to SUI'f-. by steam tttnler pre.,.sttre dttring a 
..■rt.sl of t., mttt. an.l hehl for .3 to JO mitt. It is eoohal to l,>2”F. firsUty 
■oomg „ tiotttt to atmosphertc press,tre, an.l .s,.eot„l by using vai-nunt 

Ite ,-,,,„parat,vely large floor spai-e oe.-ttpied h^ the tank tIte 
re tttvely long ta-rnsl of pna-easittg (8 

.“■"! ''-ntperat ttre are ili.stt.lvattlages. 

eom a'ml'oTh'er —J ke most miHjertt tttelhiKl for cookittg 

o|«sl 'by I ttBi.r.*’'™"'" "hicit was devel- 

Tlte elTeets of variables on the effieiettey of operatiott was slttdie,! by 

'r ,as:ki„ 0 ::' :;",r' ■ ’ "r 

of grain to water C O Srain, (4) the ratio of the 

fuun.l that The mL -Co tl T ' n ‘ 

that e..m meal may lx‘ Tlem. and time and 

in a .S.Ifutte-KTriine jT! W, '' Z 

irniK)rtant a factor pronde*! th tT Rrinding wa.s not too 

et..k., pro,.rl.y.“^Tr':p,t;tm' 

<!»>-.ae deigned by rng;r:nd:l;r3':;e;: -- 

»: H^mt" f d P. Koarenov, hj. E..g. Oh,,,., 

.\pp|i,.,iseio„se, Ma.v, 1941 . 
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8._Tul)e.s for continuous cooking. The mash is Seated instantaneou.J ^vith^ 
to S50 to 300°r’ bv a jet heater. It passes through a series of tubes u here i 
S ™T. 1. “ ;Lle,l to 143tl- ii. a vacuum liaah cha.ubcr. ot Jcvh E. 

Seugram & Sous^ //ic., LouisviUe^ 

For further details, the reader is referred to other sections of this book, 
to “Food for Thought “ by Willkie and Kolachov, to Unger’s thesis, and to 

other sources. 

MALT 

Malt is an enzymic product prepared usually from selected barle\, 

although other cereal grains may be used. 

The Preparation of Malt.—The manufacture of malt, commoni> 

carried out bv malsters, con.si.sts of steeping selected, screened barley, 
permitting it io germinate, and drying it under carefully regulated condi¬ 
tions. A schematic diagram of a malting plant is shown in tig. 

Selection of Barley.—Barley is selected for the results that it produces. 

It should be of a good variety, preferably large grained, of a fairly uni¬ 
form size, and of a light yellow color when matured. It should po^^ess 
high germinating power, contain but a small amount, ot bitter and liar> 
substances in the husk, and have the ability to produce enzymes of the 
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proper »luin«-ter and quantity during germination. Soft, starchy 
barley L- dt>irHble; damaged or weedy barley is unde.>^irable. 

Certain types of barley are nought for the manufacture of fine la^er. 
In tl»e I nited .''tale^ malt is prepartnl principally from six-rowtnl barlev, 
although .-Mmie two-rowed barley i> used in C’ali^rnia aiul much of it in 

Kwrofjr 

Composition of Barley.—Harley contains the four plant proteins: 
gluielin. hordein, leuco^in. ajid (Hle^tin. Glutelin and hordein art‘ found 
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muotrmum Utr U<minii »it lifrtit uuiirnal. ^ch •* rhmil. ^ *rTw^ f<* 
^flinn tiul »*n 4 .c« h.uiry. mnd .*hrr 

Thr \mx\ry i» thru nmM (t»r M»r. r^-h itniar p«a« to ft €hfl«r«i 

hi4ilmg lank <»f htHij- r ftwi 

StftCfting. fiiroping t* • ««kiiig grain in on*^ th^ n 

may lake up miflirifnl m*ii«lurr to «|uirkrn the h\nng crll^ ihr ^Uryo 
an<i mart the pnn'v^ di mMvmr pn»!«rfi.in ftml grrminftiM*. 
n^iir thr Wkdi.nn iJ rrU aalh •»! the h?^truly>*> o< thr fcK«k> 

Hrfitrr the liariev d it »hciuH tie -crvetied oc jorled in cmW 

obtain grain-* .rf a unihftTn M.r. Thr miaMuir r««i«il ran then r. 

inJlni m.>rp rratlily during-aepiang 

water i^ imhilaxl by the tmlivaiual grains until 

Thin 


,n»timum m.i*ture ctmli-nt of 45 to 47 per rent la ot^ainod 

rentration of water favura normal germinatnai 

Water «rf a knoaii rhenural romp<»“iii««i »n*f • drtmiie p 
u^i during the keeping prore-a. The rom,a«lK* of the 
nun h to do with the proper rwnoval of the tannin. Utter rwan and 
imitein.. whieh are undeeiraUe for Iwera. Smee there auliMaiKe* ^ 
aiJve m*ife rea.iily at a higher pH. the keeping water » a-anet.mea ma^ 
alkaline hy the luw of lime. The ure of alkaline Me^ wal« a|>parmtJ> 
i» td advantage adien malt, awl wilaa-rjwefiily beer. i« maiie r« 
huHry.. IKII ct BO •dvu<lB«p » 1>«1 fiD>—kinnod Urlryii Mtr 

HvmirhIaritM aixl pMTiuui**"*''' **'*“' ' ^ 

thr «<Vrp ..irr. It U eUiiBwI th.t tbry m.y «u^<r “ 

.Irrtroy hano/ol mkT««»u.irm. it. thr -««. TV xbIu. of <J«r u- 

is not firmly i-stahlisheii. however. . 

The rate at which the witter » ahnorled by the grain* depend* on the 

VBrirty «l t V hBriry. iV ««■ of l V grUB ubI. ntBiBly. thr tnapriBUm- of 

"*^,rt™prr»tt.tr of »> to WF. in tV -trrptot tMlk. » MtWBrtory. 

l'ontn4 id the temperatune is very important. _^ 

Malting is essentially a vital proce^.- iiivoirwg growth awl 

tk* Kespiration rates iocTea.se whh a rise in lemprr^re 
augmented water content, and oxygen » naturally Te<piiml 
ftwatiim of the steep water is esssential. Aeratioo abo ca^ 
material and aroall defeetixi- or light barley grams to nse to the 
the steeping tank where they may be reraoveii by 
alternate method of aeratkm. the water mar be drained off 



and with 




surfare of 
\s an 
and the 


tank refilled. . . 

I ndmgeepiiif rewHs in a reduced rate «* "***” 
growth of the rootlets and an HK^wiplete breakdowa of the 

Les*i extract can be secured from the final product. 
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Oversleeping leads to the production of a higher percentage of unger¬ 
minated grains, caused by a deficiency in the oxygen supply during 
steeping, the inadequacy being due to the increased rate of respiration. 
If the water is adequately aerated, the grains will germinate subse- 
(juently, but the development is likely to be abnormal. Hence oversteep¬ 
ing may lead to low yields of malt. 

Germination. During germination several complex changes take 
place. Ihe visible morphological changes include the formation of the 
aciospire, or plumule, and rootlets. A histological examination would 
show the disappearance of the cell walls of the endosperm, while a bio¬ 
chemical analysis would indicate that certain metabolic changes had 
taken place—the breakdown of proteins, starches, and other complex 
constituents under the influence of enzymes. Enzymes are elaborated or 

activated when the temperature, moisture, and aeration conditions are 
satisfactory for the germination of the seed. 

The temperature, the moisture content of the grains, and the oxygen 
supply are very important during germination. These are controlled 
carefully in compartments or in revolving drums. Compartments are 
usually long and narrow. They are equipped with perforated metal 
mttoms, which allow temperature-controlled, humidified air to pass up 
through and water to drain out. Conveyors or spouts distribute the 
steeiied barley over the compartment floor. During the germination 
process, the barley is aerated with humidified air and stirred by special 
sciew propellers which constantly travel back and forth from one eL of 
the compartment to the other, and may be watered by overhead devices 
I he temperature of the grain is maintained between 60 and 70°F by 

omi: ':Zy":tT 1“ 

5 tcT;- dir* Tre f ««-i-tio; generally requl! 

TheTt' r„ 

the rate ""of* re^phXn imTeTs'I'tLtTv germination, for 

respiration, heat energy is evolved while carbon'di ! 

di0.xide inhibits normal respimtL, aid its 1 o„c~onra S' 

of oxygen, or both, induces abnormal resniratil i, u 
«-.ch exert a tox^ic 0^00^ 


a 
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Germinating barley usually shows a respiratory coefficient of approxi¬ 


mately 1. 


/T- • X volume CO 2 evolved 
Respiratory coefficient = .^olunitToTHlis^^ffiid 


In the case of abnormal respiration, the respiratory coefficient 
increases, for the carbon dioxide increases, the oxygen decreases, or both 
changes occur simultaneously. For these reasons it is most important to 
secure good carbon dioxide removal and to turn and properly aerate 
germinating barley. 

Drying the Germinated Barley.—When the barley has reached the 
desired stage of gro\\'th, drying stops the germination processes and with 
the application of heat develops color, flavor, and aroma and reduces the 
moisture content of the malt. A final moisture content of approxi¬ 
mately 5 per cent is souglit. Malt may then be stored without danger 
of breakdown by microorganisms. 

Drying is carried out in thermostatically controlled kilns or drums at 
carefully regulated temperatures. The temperatures used have much to 
do with the enzyme content of the final malt and the flavor of beers made 
from it. Since much damage can be done to germinated barley by the 
application of too high temperatures when the grain is wet, low tem¬ 
peratures must be used at first. The temperature is raised gradually, or 
elevated by small increments, until a final kilning temperature of 75 to 

100°C. is used. 

The final temperature used depends upon the nature of the malt 
desired. For a light malt, a lower temperature should be used; for a 
dark malt, a higher temperature. 

During recent years, some malts have been dried in vacuum drums. 
Such malts possess a high concentration of enzymes but, though satis¬ 
factory for use in distilleries, are not so suitable for brewing, since the 

usual protein changes are affected. 

Following the kilning, the malt may be treated, usually by friction, 

to remove the radicles. 


Uses. 


Malt has many uses. It is used extensively in the brewing 
industry as the chief raw material in the manufacture of beers and ales, 
and as the saccharifying agent in the manufacture of industrial alcohol 
and distilled liquors from grains, such as wheat, corn, and rye. iMalt is 
also used in the manufacture of malted milk, candies, cereals, and food 
colorings but is usually roasted first in special ovens under carefully 

controlled conditions. 

Rapid Conversion of Mash.—Gallagher and his associates' have 
described a fast method for converting grain mashes, which was based on 

> Oam^gukh, F. II., H. R. Bilforu, W. II. Stark, and P. J. Kolachov, Irid. Eng. 
(’hem., 34: 1395 (1942). 
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experimental data of the following nature secured in the laboratory. 

Corn cooks (mashes) were prepared under the same conditions and cooled 

to 62.8°C., the temperature of conversion. Barley malt (10 per cent), in 

the form of a slurry, was added in equal amounts to each cook. The 

mixture of malt and corn was agitated mechanically and conversion was 

carried out for specified times. The individual mashes were cooled 

quickly (within 7 to 10 min.) to 22.2°C. and made up to a concentration 

equivalent to 38 gal. of mash per bushel of gi'ain. The pH adjusted 

to 4.8 to 5.0. Then each mash was divided into four portions, three of 

which were inoculated with S. cerevisiae (Seagram No. 1 strain) and one of 

which was reserved for control purposes. Fermentation was permitted to 

continue for 68 to /2 hr., after which the ma.shes were analyzed for 

resi ual sugar and alcohol. Data based on conversion periods of 1, 5 15 
3U, and 45 mm. are presented in Table 10. ^ ^ 


Table 10. 


Conver¬ 

sion 

time,min. 


1 


15 


30 


45 


C'OMPARISON OF EfFECT OF MaSH C'oNVERSION TimES 

Yields^ 


ON Fermentation 


Total sugar 


Initial 
g./lOO ml. 


Final 
g./lOO ml. 


Effieiency, per cent 


Fermented, 

per cent 


11.61 


11.58 


11.54 


11.28 


11.87 


0.627 
0.629 
0.630 
0.616 
0.672 
0.685 
0.745 
0.715 
0.752 
0.810 
0.856 
0.792 
0.856 
0.885 


Fermen 

tation 


94.5 

94.5 

94.5 

94.6 
94.2 
94.0 
93.5 
93.8 

93.8 

92.8 

92.4 
93.1 
92.8 

92.5 




98.4 

99.1 

98.4 

99.3 

99.4 
100.7 
100.2 
101.1 
100.0 

99.3 

102.5 

95.0 

98.0 

89.1 


Plant 

basis 


93.1 

93.8 
93.1 

93.9 

93.8 

94.8 


93.4 

92.2 

94.8 

88.5 

90.9 

82.3 


Grams abs 
alcohol in 
100 cc. 


U. Stabk, and P. .J. Kolachov, Ind . Eng . cLm.. 34 ; 1395 

Additional data obtained bv Oalloo-bor* i u* 
that the 1-min. conversion period ^is coworkers* showed 

PeHo. a. a p„ . 

KoaacHov, I^. Eng. 
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levels optimum for plant conversions. More than 70 per cent of the 
cooked starch in the grain was converted to maltose by barle 3 ' malt in 1 

min. at 62.8°C. 

The rapid method for the conversion of mashes is as follows: A pro¬ 
portioning pump continuoush' injects a shiny of malt into a stream of 
cooked mash which is being forced along bj'^ another pump. The products 
flow through a pipe 105 ft. long and 4 in. in diameter at a temperature of 
62.8°C. The malt acts on the grain for a period of 40 sec. The mixture 
is then cooled during a period of 1.5 min. to 21.1 to 23.9°C. This particu¬ 
lar unit has a capacity’ for converting 5,000 bu. of grain per daj'. 

THE BALLS-TUCKER PROCESS 

This is a process for utilizing the enzj^mes normallj^ occurring in wheat 
for saccharification purposes in order to save malt.^ Wheats contain 
adequate amounts of beta-amj'lase but are deficient in alpha-amylase. 
Accordingljq it is necessaiy to use some malt to compensate for the 
paucity in a-amylase. 

The process is brieflj^ as follows: A slurrj" of ground wheat is acidified 
to a pH of 5.2 to 5.8 and 0.05 to 0.1 per cent of NaoSOs is added to activate 
the inactive form of amjdase and to aid in the flocculation of wheat gluten. 
The mixture is agitated vigoroush' (for 1 hr. at 25°C. in one modification) 
and then permitted to stand for 45 min. or longer. The starch settles out 
and a considerable portion of the gluten rises to the surface and maj'^ be 
recovered. A portion of the clear supernatant fluid of the middle la^'er, 
which contains the activated am^dases, is removed and later used to 
saccharify the cooked mash. Clenerallj'' about 20 to 35 per cent of the 
wheat used may be extracted with sulphite. At least 2 per cent of malt on 
the basis of the weight of the grain is necessary for saccharification. For 
further details, the reader is referred to the report on “The Production of 
Ethyl Alcohol from Wheat” by the Xorthein Regional Research Labora¬ 
tory, U.S. Department of Agriculture, March, 1944. 

MOLD BRAN 

Mold bran is an enzj’^me product obtained by growing Aspergillus 
oryzae on moist, sterilized Ijran. It is and maj' be used succes.sfully as a 
substitute for malt in the saccharification of grain, potato, or other types 
of starch-containing mashes. Smaller (plantities of mold bran than of 
malt ai'e reejuired to saccharify a given cpianlity of grain ma.sh. Yields 
of ethjd {dcohol from mashes saccharified with mold bran are, on the 
average, equal to and often superior to those obtained from mashes 
saccharified with malt. 

‘ Balls, N. K., and I. W. Tucker, Fruit Products Jour., 23: 15-10, 21 (1943). 
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Development of Process. -THkamine,* in 1914, ailvotateil the use of 
maid euxymt^ i^from .1. oryzfu ' in the ilL<tillin^ indibitrv. Studies were 
earned out in di>iilleries in C uiuida using his niold-hrun preparation 

^trains. Altliough the yields of 
ah-oliol ohlJiin«-«l through the ux- of mold bran were rep^irtt^l tt) Ih‘ higher 

tlum thox- ot.taiiKHl through the ux* of the malt, the priness was not 

adopU'd. 

In ItfW. rnderkofler, Fulmer, and SeluHMie* demonstrattHl by labora- 

. ^ (t h \ 1 a let di al, on the average, eould In} 

ol»Uiine<J from coni mushes saerharihinl hy the ux* of mohl bran than 

from tfwix* sHceharihed by the ux of barley malt, d'his work was later 

c-tAtirmod by them and their usxK-iatc‘s at the Iowa State ('ollege*-* * * and 

by HiilArta, Ijiufer, Stewart, and Saletan.^ Similar findings on a 
(•omm.*rriai l*a<w have Us*n refiorteil by Hoyer and rnderkofler;* I nder- 
kofler. S verxjii, and Cot-riiig;’ anil I nderkotler, Severson, (Joering, and 
( hristenxn.'* The favorable u.x* of mold bran for the eonversion of 
jiotato maslies waa reporti*<l by ll<*r«-sford and (’hristen.sen." 

Molds Used.— Hao. Fulmer, ami rnderkofler** atudk'd mold bran 
preparctl from 27 strains of molds <if the gi nera AitptrgiUm, Mucor 
rmtnlhum, and lihi^put. Thvy found that bran pn-,)arations mad.’ 
ajth nfrains of .1. oriptu, l{. dtUmar, and H. oryzar were optimum for the 
■arrluinf..atiun of eom riiiL-hi^s as evaluate.! by the yields .if ethanol 
pr.iihi.-ed Strains of A. oryuie wen- Hdei-tcnl as U‘in*g In-st suittnl for 

indu-iri^ UX-. Imse.! on eax- of liandling. .-onsistency of results, and high 
xn-Ulii of Mh idiol from ibe saerharifitNl mahbeM. 

Table 11 allows the efTe. t .d saccharification fempe-rature and time on 

'T*»cmixil. J . Ind. Eng. t hm .%■, s24 llllt 

n Nncaiorwa. L .K., K. I. h i Lurn. njui L. S. Hor.sE. /r,d Eng. Chrm., 31: 7.‘M 

•Srieo.x. , I.. } I. Fi uiric, Met I. 

1>«0 

• i M.eaaoru m, I. A n \o 11, 2'.i - ll 

^ I. < . K I ll ijiiE. and L A rvutREOiCKR. It,d. Eng. f'hrm., 36: 81' 

^ ^ ^ ' H.Man , 7: 420 ati43». 


A I’M.EHKori.ER, Ind Eng Chrm., 32: .S44 
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alcohol yields from corn mashes saccharified by bran preparations made 
from selected strains of molds. 

Production.—Mold bran may be produced by laboratory, pilot-plant, 
or commercial methods, some of which are described below. 

Laboratory Methods .—The present discussion will be confined to a 
drum, a pot, and a tray method for preparing mold bran. 

DRUM METHOD. —Spore cultures are prepared in flasks to serve as 
inoculums for the moist, sterilized bran in drums, in accordance with a 
procedure devised by Underkofler, Severson, Goering, and Christensen. ^ 


Table 11.—Effect of Saccharification Temperature and Time on Alcohol 
Yields from Corn Mashes Saccharified by Several Mold-bran Preparations' 


Mold used in mold-bran 
preparation 


Aspergillus oryzae (A.T.C.C. Xo. 
4814)* * 


Aspergillus oryzae (Ilf)hm and 

Haas Xo. 38)t 


Rhizopus oryzae (Ixx’kwood Xo 

660) t 


Saccharification 

Mold bran 
as per cent 
of corn 

Alcohol yield 
as per cent of 
theoretical 

Tempera¬ 

ture, 

Time, 

hr. 

30 

1 

4 

88.6 

30 

1 

6 

91 .5 

30 

1 

8 

91.3 

55 

1 

4 

87.0 

55 

1 

6 

88.4 

55 

1 

8 

89.5 

55 

2 

4 

86.1 

55 

2 

6 

88.0 

55 

O 

8 

89.5 

30 

1 

6 

94.5 

30 

1 

8 

94.8 

55 

3 

6 

93.5 

55 

3 

8 

93.7 

30 

1 

6 

92.0 

30 

1 

8 

93.5 

55 

3 

6 

93.0 

55 

3 

8 

94.0 

30 

1 

6 

92.5 

55 

3 

6 

^ m ^ ^ ^ ^ 

91.0 


Rhizopus delejimr (XKRL Xo 
1472)§ 


* rlAO> Li. Li. I. r uutnmiEXi ... 

♦ American Type Culture Collection, WashinKton, D. C. 
t Rohm and Haas Co.. RrUtol, Pa. 

i Dr. L. B. Lockwood, U.H. Department of AffriciiUiire. 

I Northern Regional Research Laboratory, U.S. Department of Agriculture, Peoria. III. 

Ten-gram amounts of the following medium an^ distributed in 250-ml. 
flasks and sterilized in the autoclave: 10 g. of ground corn, 100 g. of wheat 
bran, and 00 ml. of 0.2 N hydrochloric acid containing 0.62 p.p.m. of 

' IjNnKHKOKbKU, SkVKRSON, OOKKINd, and CuUlSTKNrtEN, loC. cU. 
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ZnS 04 - 7 H 20 , 0.63 p.p.m. of FeS 04 - 7 H 20 , and 0.08 p.p.m. of CuS04-5H20. 
After cooling, the moist, sterilized bran is inoculated with a culture of 
A. oryzae. The mixture is then distributed on one side of the flask and 
incubated at 30°C. After sporulation has reached a maximum, rapid 
drying of the culture is encouraged. The dry spore culture should be 
greenish in color, according to IJnderkofler and his associates, and not 
brown or black. The ratio of the inoculum for moist, sterile bran is about 
1 per cent. 

The well-sporulated bran culture thus prepared is used to inoculate a 
much larger charge (1,000 to 1,200 g.) of sterile bran of similar moisture 
content contained in a drum of 5-gal. capacity and capable of being 
rotated. During operation, air is passed slowly into the drum, which is 
maintained at a temperature of about 30°C. preferably (never above 
35°C.) to favor the growth of the mold. During the germination period, 
the drum is rotated for 15 to 20 min. or less each 2 hr. Thereafter, the 
drum may be rotated continuously at not more than 1 r.p.m. until, at the 
end of 40 to 54 hr., the moldj" bran is removed from the drum. It is then 
spread thinly on a papered surface and dried at room temperature. 
Sporulation proceeds during the drying. Before being used, the dried 
product is ground in the same manner as malt. 

POT METHOD. —Hao, Fulmer, and Underkofler^ developed a laboratory 
method for the production of mold bran in 1943 which they stated was 
superior in the following respects to the drum method u-sed earlier: The 
equipment retiuired less space and was less complicated; the mold myce¬ 
lium was not disturbed during gro^^i,h; and uniform aeration was 
obtained. Furthermore, the molds grew more rapidly in the pots and the 
resultant mold bran produced relatively consistent and higher yields of 
ethanol. The method consisted of growing selected strains of molds on 
wheat bran mash in 3-qt. aluminum pots especially equipped for aeration. 

The apparatus, a modification of that used by Beresford and Christensen,^ 
is shown in Fig. 10. ’ 

A detailed description of the pot method follows: 

A bran mash is prepared by mixing 750 g. of 0.3 N hydrochloric acid 
vith 750 g. of wheat bran. The moistened bran is packed into the 
aluminum pot and sterilized with steam at 15 lb. pressure for 30 min. 
The ma.sh is cooled and then inoculated with 5 to 10 g. of a well-sporu¬ 
lated culture of the mold (usually a strain of A. oryzae) which has been 
pown on wheat bran in flasks as descrit)ed above. The seeded bran mash 
IS packed firmly into the special pot, the latter being placed on a layer of 
cotton batting. The pot is incubated at 30°C. but the temperature rises 

* Hao, Fulmer, and Un’derkofler, loc. cii. 

* Beresford and Christexsev, loc. cit. 
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because of rapid growth of the mold and in al)out 8 hr. roaches 37 to 40\'. 
Air is passed through the mass at a pressure e(|ual to 0.3 to 3 in. of water 
and at sucli a rate that the temperature is kept t)elow 4o°C. Aeration is 
continued for 12 to 24 hr. longer and then the moldy bran is removed from 
the pot, spread uniformly on paiMT, and permitted to dry at room 
temperature. 



Fio. to. —Apparatus for growing mold. [Courtesy of L. C. Hao, E. I. Fulmer, and L. A. 
Vnderkoflcr, Ind. Ent/. Ch^fn.^ 35: 814 (1943).] 

TRAY METHOD. —The following method, described by Roberts and 
lus collaborators,^ is employed for preparing mold bran in trays. Equal 
weights of wheat bran and water are mixed, and the mixture is spread in 
layers 1 in. deep in aluminum trays. The moistened bran is sterilized in 
the trays with steam at a pressure of 20 lb. for 30 min., cooled, and inocu¬ 
lated with a culture of A. oryzae, using aseptic technique. The seeded 
bran is incubated at 25°C. until the mold begins to sporulate, which 
generally requires about 4 days. The mold spores may be destroyed by 
adding 95 per cent ethanol to the mold-bran mixture in the proportion of 

> Roberts. Lacfer, Stewart, and Saletax. loc . dt . 




















































SACVHARJFi iSG AOFSTS: METHOhS Uf FkOUl VTIOX AS D VSES T3 


1.50U mJ. ci pthanul to 5*10 of l^ran ami 500 r. of wat<*r. Tlie alcoholic 
cxtriM'i M removed with a hydraulic pres*. Tl»e resulting dried, ground 
pma cake ia know n a» “ Polkl&ee-*.'.” 

{‘iLjt-piant \frthod $.—TlieHe are cont'emed principally with prohlema 
of (xjBverling UhoratoiTr procedures to plant-scale opt'ration and an? 
l**ed on the report by Tnderkolicr, S«-vcrson, Chjering, and C'hristen.sen.' 
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about 51 per cent was obtained by I ndorkofler and bis collaboiator"^* by 
adding 1 part of acid (0.2 X IlC'l) containing double the de.<inMl anunint of 
mineral salts to 2 i)arts of bran. Previous studies had established the fact 
that practical sterility of the acid-moistened bran could l)e obtaine<l by 
heating it at 03 to 09°C\ for 15 to 30 min.; that butyric acid bacteria, a bad 
type of contaminant, could be eliminated; an*l that the few surviving 

mohl spores caused no .serious difficulties, 
('o(»ling was aceomplished by blowing 
air through the mass, with the mixer in 
operation, until its tempt'rature reached 
about 35°C. 

The moist bran Avas inoculated by 


AIR SUPPLY 


VENT 
\ 


LA 


fO \f 


A 

-*l l«-3"DIA. 


T 



blowing a spore culture onto the mass an<l 
continuing agitation of the mixer. 

ixocuLUM DKVKLOPMEXT.—The inocu- 
lum, or spore culture, was prepared in 
special galvanized iron pans, measuring 24 
by 35 by 4 in. and ecpiipped Avith covers 
containing a central air inlet and air out¬ 
lets at each corner (refer to Fig. 12). 
These pans Avere especially designed to 
proA'ide adequate aeration of the culture, 
optimum thickne.ss of the bran layer, 
and some control of the humidity. 

Each pan receiA-ed 4.5 lb. of the 
standard corn-bran-acid mixture (refer to 
p 70), Avhich A\as uniformly distributed 
to form .a layer about 0.5 in. deep. The 

iScrerson, K. J. Goering, and L. M. pans and their Contents ^^ere sterilized 

eteam and cooled. The moist bran 
was then inoculated with mold spores and 

incubated at 32°C. in a constant temperature cabinet. Air at aerate of 
1,200 to 1,800 ml. per min. and at a temperature of 30 to 32°C. Ava.s 
admitted to each tray through the central inlet. When sporulation was 
at an optimum, usually at the end of 4 or 5 days, the cover of the pan was 
removed and the culture Avas aUoAved to air dry in the cabinet during a 

period of 24 hr. , , j- j 

ixocrL.ATiox METHODS.—Underkofler and his coworkers studie 

uses of mveelium and of spore inoculums. Mycelium inoculums could be 
used, but Avere inconvenient to handle and tended to become too con¬ 
taminated for further use after two or more transfers. Spore inoculums 



1 Ibid. 
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proved to be very satisfactory and as little as 0.04 per cent of dry spore 
culture could be used successfully. However, an inoculum consisting of 
0.1 per cent of dry spores was used for subsequent pilot-plant studies in 
order to provide a reasonable factor of safety against variations in spore 
viability. 

INCUBATION' METHODS. —Underkofler, Severson, Goering, and Chris¬ 
tensen' studied extensively a number of different incubation methods in 
their search for a pilot-plant procedure that would be rapid and practical. 
I'hey found that the tray method was simple to employ, but that there 



HINGE, 

"‘i'- Ifourleay of L. A. Underkofler, G. M. Severson, K. J. 
irotrxng, and L. M. Christensen, Cereal Chem., 24 (No. 1): 1 (1947).] 

were problems associated with the use of the large number of trays 

required. In this method, it was not efficacious to pile the inoculated 

bran in layers over 2 in. deep in the pans, for the mold did not grow 

throughout the mass in the deeper layers. Since the temperature of the 

bran generally commenced to rise in about 5 to 6 hr. after its inoculation 

It was necessary at this point to commence aeration of the mass with air 
nearly saturated with moisture. 

Studies were carried out using specially designed incubation cells and 
forced aeration. 'S ertical and inclined cells (refer to Figs. 13 and 14) 
equipped with hardware cloth faces, proved to be satisfactory. It was 
tound (hat the temperature of incubation and the moisture content of the 
ran were dependent variables. The mold grew most rapidly in the bran 

’ Ibid. 
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when the moisture content was adjusteil suitably, l»etween 32 and 38'^(\ 
Tlie optimum moisture conti'iit resulted when 8 parts of 0.1 X hydr(K*hlo- 
ric acid were used with 10 i>arls of bran (by weight). Under these condi¬ 
tions a bran with an initial moisture content of 12 p<T cent contaimMl 


8 MESH HARDWARE CLOTH 



8 MESH 

HARDWARE CLOTH 
BRAN RETAINING WALD 


SOLID 

Fia. 14.—Inclined incubation cell. [Courtesy of L. A. Vnderkofler^ G. M. Severson, K 
Goering, and L. M. Christensen, Cereal Chem,, 24 (No. 1): 1 (1947).] 


about 51 per cent of moisture at the time it was placed in the incubator. 
Two-stage incubation appeared to be advantageous. 

DRYING. —Alold bran from the incubation cells, containing 25 to 30 
per cent of moisture, may be dried in layers up to 4 ft. in depth in bins 
constructed with false bottoms through which dry air is blown. Under- 
kofler and his associates’ have pointed out that the air temperatures 
should not be in excess of about 45°C. (113®F.) if serious losses in amylo- 
Ivtic activity were to be avoided. 

‘ Ibid. 
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Semicommercial Production Methods—An installation for producing 
mold bran on a semicommercial scale was constructed at the alcohol plant 
of the Fanil Crops Piocessing Corporation (Omaha, Xeb.). A cooker of 
similar design but somewhat larger than the one described on p. 73 was 
used. Piimary incubation was carried out in inclined cells, secondary 
incubation in closed bins containing bottoms of perforated metal. Diffi¬ 
culties were encountered in connection with the usage of the primary 
incubation cells, for air control was found to be critical and temperature 



f^uspended in a snpoinl inr.iiKo 4 ^ rposes. f he trays were 

specal mcubator room constructed of tde and supplied 
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with air ducts for circulating humidified air at the proper temperature. 
The secondary incubator, previously used in the first unit, was employed 
to dry the mold bran. The difficulties concerned with control were 
absent in this unit. Likewise, mold grovdli was rapid and the ciuality was 

uniformly good.^ 

Commercial Production Wheat bran and dilute hydrochloric 

acid (0.1 to 0.2 N) are mixed and heated to 100°C. with direct steam, at 
which temperature the mixture is held for 30 min. with continuous 
agitation. The temperature of the cooked bran is reduced to 32.2 C. 
(90°F.) through the use of a stream of air. Spores of .1. oryzae are 
thoroughly mixed vnth the bran, which contains approximately 50 per 
cent moisture and has a pH of about 3.5. The inoculated bran is dis¬ 
tributed rather uniformly on swinging trays (arranged to facilitate easy 
filling and removal of the mold bran) in special large-sized incubators. 
Humidified air at the proper temperature is caused to flow over and under 
the trays until the maximum amount of mold gi'owth has taken place, 
which generally reciuires about 30 hr. The mold bran thus prepared is 
dropped from the trays and air-dried to a moisture content of approxi¬ 
mately 12 per cent. One commercial product is sold under the trade 

name of “Eaglezyme.” 

Preparation and Saccharification of Mashes. Mashes may be 
prepared with or without the use of acids, enzymes, and steam under 
pressure. A description follows of some of the methods now used m the 

laboratory or on a commercial basis. 

Method of Hao, Fulmer, and rw/crA'o^cr.»—Sixty pams of corn meal 

and 300 ml. of 0.04 X hydrochloric acid are placed in a 5(X)-ml. Erlen- 

meyer flask and thoroughly mixed. The starch of the corn is gelatinized 

by heating the mixture (with occasional agitation) over a low flame or on a 

hot plate. , • , X 4 - 

The mash is then placed in an auto(4ave and treated with steam at a 

pressure of 20 lb. per sq. in. for 30 min. The pH of the cooked and 

sterilized mash is adjusted to 4.5 to 5.0 with sodium hydroxide, sodium 

carbonate, or calcium carbonate. The mash, at a temperatuie o ’ 

is placed in a mixer and mold bran is added as a slurry m water. Mtei 

agitation for 1 min., the mixture is returned to the 500-ml. Erlenmeyer 

flask and incubated for 1 hr. at 30°(\ for saccharification of the soliible 

starches. A higher temperature (55°C'.) and varying limes (1 to 3 hr.) 

were also use.l in some experiimmts for conversion. 

associates inoculated a mash of the size mentioned above with 20 ml. ol a 

• Ibid. 

® lioYKR and Undkrkoklku, toe. ctt. 

* Hao, FuLMicn, and Unukukuki^kr, loc. at. 
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244ir. culture trf a .<pe< uil strain of .S. crrairiaf in 1 
broth. I 

Mfthod of HobtrU, I^ufer, Stewiri, and SaUtan. 

,jI ma-shes were um-^I by Kol>erts and his associate^. . u,-.m niati 

Wow under the In-adinKs vi pre,s.sure mashiiiK and atmospheric nuishinn. 

. ^ *»• ^ water which has Wm heaUnl to 


Two different tvpt‘s 

riu *se are d(‘siTilKMl 


I'he masii is 


rat-ssl Rt MAKHIVG. 

row are 

Wd. with constant stimnK. at 5in \for 15 min. and then the tem{>eratim‘ 
b. rawed dunnK a l.vmm. period to at which temtH-rature it is h.dd 
for 30 min. Tho tc^mpi^n&tiire of mash is then rais^nl to {Ki\' (hiring 
. I^min period .nd held ». «rc. for .30 min. TIh. mo.d. i.. heuu.l 
nmdiy .ith .le«m for I hr. mt a pre.«urp of 20 Ih. per sq. in. and enol.al to 

the temiM'rature of conversion. 

ATMOSPHKRIC UA.SHIVG.—'lliis proc<slure is iilentical with that of 
pmtMlre n^in* up to the |a,int nhere the tein|»-rutiire reuehe.. |K1°C 

rhe^ “ *! “ ""■> •‘"■I -■•"l.al rapicliv ... 5 min i 

to the ■archanhration ternfa-rature. 

Si^luu-ihcation w carried out at eitlwr .10 or 52.5°C\ Mold bran 
<4»daae^ ) is prejiareil aa a durry in a concentration of 2.5 to -! per (M*nt 

^lad at 1110 K -^nd held for 15 min. at the aaeeluirilieaiion lem|a rature 

l-JiUn, It for .30 mm. at the «p,a.i|„al .umeharilieation temperatur; 

«amere,a;-,ofr .l/.rt,W.-t nd. rlcofl..r. ereon, and (hau-inet have 
"o ' o “ '■"■nniereial haris at the aleolml 

•fV n!r,l I '-anatration, (ttnaha. .Vehnmka 

" P>^parina and saveluirifyina tlai tnaahe.. waa aa 

n-Ot^rv I 'k !'•>. Hie slurry is pjLswil through pre- 

hv the 7 lo approximalelv tUi^t’. (l.VI^F ) 

t.O- 7 5 min. at lolrV' 

: . *' ,* "f »-■ nie lemivrature of the eiaiktai 

.Khe, omier vTl'uT*"' *' ‘ 

Tlie mold bran is pn*pared with cohl uMt<>r ua o ci,- 

f. -nm mixture H held for approximately 2 min. 

* 'Tk« ,«T. and .SAUCTiN. loe. at. 

I XMaaorixa. and f;ouiMo. Ur. «/ 
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at this temperature and is then pumped througli coolers to the fei menters 
where it enters at a temperature of about 28°C. (82°F.). It requires 
about 3 hi’, to fill a fermenter of 130,000-gal. capacity. About 30 min. 
after filling has begun, yeast is pumped into the fermenters. The 
temperature is maintained at a maximum of 35°C. (95°F.) in the fer¬ 
menter by the continuous circulation of the mash through external 
coolers. Thus saccharification takes place largely in the fermenter where 
the initial pH is about 5.2 and the concentration 22.4 g. per 100 ml., or 30 

gal. of liquid per bushel of grain. ^ rp. 

Effect of Conditions of Saccharification on Alcohol Yields. Ihe 

method used in preparing the grain mashes, the pH and concentration of 

the mashes during saccharification, the nature and concentration of the 

mold bran used, the temperature and time of saccharification, and ot ei 

factors, exert an important influence on the .subsequent fermentation ant 

yields of alcohol obtained. Several of these factors have already been 

discussed in the preceding paragraphs. Some additional information will 

be presented now. 

Roberts and his coworkers^ found that maximum alcohol yields were 
obtained with mold-bran saccharification when the mashes were cooked at 

atmospheric pressure. 

Naturally there is no one pH value that is optimum under all condi¬ 
tions of saccharification. However, the use of a pH somewhere in the 
range of 4.5 to 5.0 is usually suitable for saccharification, as it favors 
particulafly the activities of the amylolytic enzymes, a-amylase and 

The concentration of mash at the time of saccharification 
upon the method used. The weight of grain usually represents about lb 

to 20 per cent of the weight of the total mash. 

Hao and his associates^ concluded that saccharification of corn mashes 

for 1 hr at 30°C. with mold-bran preparations ^\•as as satisfactory as 
employing 1 to 3 hr. at 55%'. (Refer to Table 11 on page 70^) 

^nie usual concentration of mold bran employed for saccharification 
ranges from 2.5 to 4.0 per cent, ,lepen,ling npon the amylase “Ctmty «l 
the product. A 4.0 per cent concentrati.m based on the wcig i K ■ 
used appears to produce most satisfactory results m terms of yields ol 

“"'‘^lobertrand his collaborators' showed that mold-bran saceharifieation 

at 30”C'. was eiptal to or slightly better than at 52..5”C. both m 

mashes cooked at atmospheric pressure (tili C ) and in the case ■ 

cooked with pressure (125°Ct.). They also demonstrated that the pri 

> Kuukuts, Laufbh, Stbwaut, and Halktan, loc, ctf, 

* Hao, Fulmkr, and Undkrkofleii, loc. cit. 
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malting of mashes with barley malt increased their liquefaction but did 

no result m .mprov.ng the yields of alcohol over those saccharified with 
only 3 to 4 per cent mold bran. 

Comparison of Mold Bran with Malt as a Saccharifying Agent —The 
most suitable means for evaluating amylolytic agents is based upon 

grains. A number of such comparisons have been made. A few tvpical 
results and conclusions are included below ^ ^ 

Table 12 shows the results of plant-sJale tests of mold bran at the 
ai m Cl ops Piocessing Corporation, Omaha, Xeb. In the tests cited 

hacteriaUnd higher yerst eZnts/ -’ ““ 


Table 12.— Results of Plant-scale Tests 


OF Mold Bran^ 


No of fer¬ 
menters 


Per cent of sacchari¬ 
fying agent in 
fermenter mashes 


1 er cent of saccharifying 
agent in yeast culture 
mashes 


Av. alcohol .yield/ 
standard bu. 


299 

847 

6 

12 

7 

12 


10 malt 
9-10 malt 
4 mold bran 
0-10 malt 
3.9-6.2 malt -f 

2.2-0.9 mold bran 
9-10 malt 


22 malt 

8.6 malt 4.3 mold bran 
8.6 malt -1-4.3 mold bran 
8.6 malt -1-4.3 mold bran 
8.6 malt +4.3 mold bran 

8 6 malt +4.3 mold bran 






TaKlo IQ .U , 38:980 (1946). 

corn, tw„\r„d: and tTo saccharifying agents for 

raashes were prenared ns 1 i' + granular wheat flour. The 

concerned with the prenaraC Previous section which was 

A Comparison ofS/p^ saccharification of mashes. 

Jump* have compared Hao and 

preparations for their conversion'effici “*“* P'*' '*''"* ”'oM 

~h. The prepaXr:"edrt=^^^^^^^^^^^ 

H^L r?/rr^’ ““ 

■> o J. A. Je.MP, Ind. Eng. Chem. 37: 521 (1945). 
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Table 13.—Yield of Alcohol in Proof C'.allons per 100 Lb. of Grain on Dry 

Basis'** 



Saccharifj'ing agent 


8 % malt. 

1 % malt* + 2 % mold 

bran. 


2.5 % mold bran 


3 % mold bran 


4 % mold bran 


Con- 
1 ver- 
siou 
temp.. 

°C. 

Corn ^ 

Pres¬ 

sure 

, 57.5 

10.37 

52.5 

10.36 

30.0 

10,34 

52.5 

10.12 

30.0 

10.43 

. 52.6 

10.50 

30.0 

• • • • • 

. 52.0 

• • ♦ • • 

. 52.5 

9.93 

30.0 

10.24 


Winter wheat 


sure 


8.92 

9.57 

7.76 

9.58 
7.96 


Atmos¬ 

pheric 


9 37 

10 45 
10.35 
9.52 

9.82 
10.10 
10.34 
10.17 
10.25 

9.83 


Spring wheat 


Pres¬ 

sure 


Winter granu- iSpring granular 
lar wheat flour I wheat flour 


Atmos¬ 

pheric 


Pres¬ 

sure 


9.68 

9.04 

9.80 

8.85 

9.38 

9.24 


Atmos¬ 

pheric 


Pres¬ 

sure 


Atmos 

pheric 


9.53 

10.09 

10.10 

10.22 

10.18 

10.35 

9.97 

9.73 

9.20 


11.69 

11.89 

11.35 

11.02 

11.19 


11.19 11.58 10 90 


12.25 

12.39 
12.15 
12.22 
12.42 
• * • • * 

12.40 
12.47 
11.96 


11.67j 12 17 
11.871 12.42 


11.21 

11.66 


12.13 
12 43 
12.39 
12 24 
12.70 
12.35 
11.68 



' ?4Trre^orrecte7LTaloohol produced from malt. Alcohol from mold bran U negligible. 

yields are averages of two or more results. 

» For premailing. , 

* Sample contained 50 per cent moisture; therefore. 6 g. were used. 


All 


Table 14.— Sources of Microbial Amylase Preparations* 
Name of Sample Producer^ 

Bacterial amyla.se I. 

Baotorbl amylase II . Wallorstcm Co.,_Inc. 

Bacterial amylase III. ^ ^ 

Mold bran 1. ^ jr.n 

Mold bran II. allerstem Co., Inc. 

RHozyme 

Maltase No. 20 I . Rohm & Haas Co., Inc. 

RHozyme Intermediate | 

Maltase Intermediate / 

Converzyme No. 503 l . Joseph E. Seagram & Sons, Inc. 

Converzyme No. 505/ (lab. preparation) 

2 

Converzyme No. 511.. 

Polidase-C| . Schwarz Lab., Inc. 

Polidase-S / 

Diatane type 1211 \ . Jeffrey Lab. 

DiataaeB-lO f. , Parke, Davis & Co. 

T.ka-D.a.tase. Takamine Lab. 

._. . Frederick Steams & Co. 
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ni:i|.he.s t-ontained. in addition to the convension agents. 91 jiarts of corn 
and I part of li(|uefying material (malt), unless otherwise indicated. 

As a rt‘.sult of their studies. Hao and .Jump made the following con- 

Lwmold-amylase preparations studied (C’onverzvmes 
o03. oOo. and oil; mohl brans I and II; Diatane T-1211; and Polidase-(’) 
were i^ftcient agents for converting corn mash, the conversion efficiency 
IxMng higher than that of malt but the yields of alcohol being about tlm 
sanu Ihe intermediate mold-amyla.<e preparations were excellent 
agents for conversion and produced thinner mashes than malt and cn.de 
.imjlase preparations. The conversion efficiencies and yields of alcohol 
(ba.^^i on total gram - were higher with 4 parts of Rllonmie Intermediate 
or G parts of Maltese Intermediate than with 8 parts of malt The 
punhed mol. -amyla.si. preparations (Rllozyme. Malta.se Xo. 20, Taka- 

I oh.la^--.s. Alast*, and t'rystazyme) were al.so excellent con- 

::;rrsi.r'‘''’ .ati.sfactory 

Th,. value of mixing malt with mold-amyla.se preparations mav be 
aM.er,aine.l by reference to Table 15. The value of hy.Irochloric acid as a 

T.B..K to. foM..MOS...V or .Mx-onoi. VlKl.n., KKOM f'OKX-M..s„-caXWKHTKO Phkh.- 

K..T.ONS 1 ].K„ 


Run 

\o 


< on version 
Tnaterial 


-Ma-sli composition, 
wt. ratio* ■ 

_' t'onversion 

'ssrr: - 


I ViHd, proof gal./ 
l>u., hased on 


C orn 


Total 

jjrain 


ft3l 

702 

731 

741 

r;i;i 


Malt 

IHafam* T-1211 

'«*ontrol 

Diatane T-1211 
-Malt 

ane Ii-10 

I Malt 

I>iatani‘ It-IQ 


hN.tnx-Uorir a.M. 



ifjg IS alsij indipAt#v4 /T'k i* i 

purp...o lif.,. in tl»-«vdvantage of using acid for 

‘“nverMon am-nr is ad.letl. * neutralized before the 

Hao and Jump> n porteij that the additim r 

‘ H - < .. 4. ,y . ... .. 3,;’^ -^^-yiase 
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preparation at intervals inereasod tire offieioney of conversion and he 
yield of ethyl alcohol by 1 to 2 per cent. About three-hftlis of tla- 
preparation tvae added at the conversion time and the remammg portion 
after the fermentation had proceeded for 20 hr. 

SUBMERGED-CULTURE PRODUCTION OF MOLD AMYLASES 

Considerable interest has been shown recently in the production of 
funsal amylases by submerged-culture methods. 1 hese enzyme pi oducts 
are manufactured on the premises for use as a malt substitute or supp - 
ment in the conversion of grains for such purposes as the production of 
industrial alcohol. The amylases are generally used without concentra¬ 
tion or purification and may be produced on a number of media. 

Production.—The production of fungal amylases by submeige^- 
culture methods has been studied by Balankura, btewart, Scalf, an 
Smith’d Van Lanen and Le Sensed Le flense, Corman, ^an Lanen, an 
Langlykked Adams, Balankura, Andreasen, and Stark; and ' 

Production involves growing a high amylase-producmg strain of mold 
in a suitable medium under controlled conditions of temperature, pH, an 

''"'’organisms Tscd.—\'an Lanen and Le ^len.se,^ and Le Mense and 

80 cultures 01 tne g c^dtures of the genera Rhizopus, 

and Monilia produced either very little or no dextrinizing enzyme. 
Greatest activity was observed in cultures of the genus . 

278 cultures studied, 34 produced Mger A. 

oZae, A. allia.eus, A. foelMus, and A. lecidii. Some strains of A. nigcr 
produced both dextrinizing and saccharifying enzymes. Among th^^^ 

:rturer/4mi^ed by the Xorthern Regional Reeeaveh Laboratoo- 

a -Various media may be used for the product.on of ungal 
amylases by submerged-cultu,e methods. Le Meuse and h.s a— 

> B.MaANKVKA, B., F. D. Stewart, R. E. Scale, and L. A. Smith, 

(Xo 5)I (1946). d ^ ki fVn 595 (1946). 

■ . VANb-rVEN, J. M.. and E. H. La ‘y LAlomKEE, Jo.r 

3Le Mense, E. H., J. Cormax, J. M. \an La.nen, and A. . 

Bad., 64 (No. 2); 141> (194/). \v-r.np*sFN and W H. Stark. Ind. Eng 

I Adams, S. L., B- Bau^nkcra, A. A. Andreasen, a 

e'hem 39: 1615 (1947). ^ 

^ i’e Mense. Corman, Van Lanen. and Langlvkke, loc. . 
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used a medium tlmt contained thin stillage (a product of the alcoholic 
fermentation of corn and sorghums), 2 pt^r cent of corn meal, and 0 5 per 
i-ent of calcium carbonate. The culture liquors obtained after gioN\th of 

the mold for 3 to 5 days with continuous aeration were satisfactory 
substitutes for malt in the conversion of corn mashes. 

Die reliitive values of other media for the production of the dex- 
tnmting enzyme hy . 1 . nu/a- XHRL 337 are indicated in Table Iti. 

T.«lz 16,-Ti,r lWt„.ox or DrxTB.x.nxo Kxzt»e a, .tr„,r^7/» 

AitKL ^37 CeLTnATED IN Varioi’s Media* * 



Protein 8 our(*e 


— I 


Corn 8 tfH»p liiiuor, 3 *,^. 
Corn Htfep liquor, 3 %. . 
Corn .st(»f*p liquor, 3 %, , 
Corn 8 t<*i*p liquor, 3 %. . 


DriwJ tanka^t', 2 % 
I>ri<^l tankajrc, 2% 
i>rif*<l tankaffp, 2 % 
tanka^o, 2 % 


SoylK^an rnoal, 2 % 
SoylK>an meal, 2 ^;^ 

St»vb 4 ‘an nn-al, 2 % 

Soyl>ean meal, 2 % 


('arlKjhydratc 
source 

None 

CUucose, 2 % 
Molasses, 2 % 

( orn meal, 2 % 

None 

t'llucose, 2 % 

Mola-sses, 2 % 
Corn meal, 2 % 


(oncenlration of dextrin 
izing enzyme, units, ml. 


None 

Cllucuse, 2 rj 
.Molasses, 2 % 
Corn meal, 2 % 


None 


Thin stillftK,..^on^ 

T),in MtillaRo. I 2'; 

rhinstillaKf Molii.^u 2 ', 

Thin KtillaKf*. 

Thin .■<tillaKr'. 

Thin 

Thin stillafTP 
Thin 'tillaici- 


torn meal, 2 
Xylffse, 2% 
lAotosr, 2^^ 
Surrose, 2% 
Maltose, 2 ‘[ 


2.2 

8.2 

4.6 
10.2 

2.1 

9.3 
11.5 

8.7 

7.9 

7.4 

8.5 
11.2 

1.7 

11.5 
7.9 

16.5 
5.3 

6.7 
II 0 

14.5 


Ce— .M. V.. L..„. „H .t. r, - 

vonutT ’ o^'^r mr'rh nr "'• ' 7 " 1 ' 

'I'-'ill-tion elmn IL^edIt f™” ‘h 

fvaporated to «bom 30 ner cent t?"'" »ohd.' 

U t. com menl per ZZ. DtitttrW titbit 

• Bcrxvx,-... ™ proved to h 
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1 ,otter than stillaj^r fur mold amylase produetion. Ihe pll of the 
medium was adjusted t(j 5.0 witli ealeium earl.onate. Adams am his 
collaburators reported that the mold amylase prudueei in this 111 ^ 1.1101 
eould iKi used instead of barley malt, and that the yield of ethyl aleuhol 
was aetually 0.2 to 0.3 proof gal. per bu. of t,Tam greater than when malt 

was employed. • . 1 i- 1 

Co,Mwn.'< of rro<h,Hion.—\A- M.-nso ami his .associalos iIisix-iimhI 

oO-ml. amounts of nmilium in 2IHI-nil. Husks ami 2(Kl-ml. amounts n, 

l-htei- flasks. These were steiilized with steam for .ill mm. at 3 Ih. 

pressure, .kfter eooUnu ami inoriilation. they were imiiliatml a 3(1 ( . 

ami shaken eontiiiiloitsly in a Kahn-tyiie .shaker (ninety 3-in. strokes per 

min ) 4-liter amounts of meiliiim were tiseil for aeration stinlies in 

8-liter Pvrex evlimlers, wtiieh were equipped with air sparisers hiiilt of 

perforated altnninnm tithing and had ahimimim plate litis. These eon- 

toiners plus their contents were sterilized for 1 hr. at 2t>-lh. 

.-Vlams ami his collaborators’ sterilizeil 1-hter portions of their 
meiliiim in 2-liter, cone-shaped flasks. In hiiilding up the mociihim, the 
metlitim was inoculated the first time with 2.0 per cent by volume of a 
sporulated culture (grown by surface method) of .1. niffcr 

■rite flask was incubate.1 at .30\'. in a water bath and the 

nuiiiLr of 24-hr. submerged stages (tismally two), using 0.5 per cenl bj 
vZme of inocnhim for each succeeding mash. The final stage was 

“”lZthoL^*Used for Evaluating Submerged Fungal taylase Prep¬ 
arations —These are concerned with a determination of the dextrmizing 

li sacdiarifying activities of the enzymes and of <>- 
from grain mitshes converted by them and subsequenth te m^ _ 
veasts. .Viams. Balankttra, .\ndreasen. and Mark- made thr 
minations: n-amyhise activity by the 30“C. meth^ of 

and the alcohol yields by the method of Stark and his ^ 

Mense and his associates* determined the ? Fvan'sand 

method of Samlstedt, Kneen, and Blish* (as mothfied by 
Dickson*); and the maltase activity by calculating t le incr 

1 Le Men-se, Corm.^n. V.^n b.^XEN, and L.vxglykke. /or., at . 

* .lLD.^MS. B-YL-VXKrR-v. Axdre.vsex, and St.yrk. loc . al . ,1939 .. 

MeI^se^ Cormax. VAX Laxex. and Laxgetrre ^ ^ 
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ing power, found by Somogyi’s method' after ineid)ating a 10-ml portion 

of culture filtrate with 20 ml. of a 1.05 per cent maltose solution for 2 hr 

at 30°C. (The mixture was kept at a pH of 4.0 by the addition of an 
“acetate buffer to the maltose solution.”) 

Mashing and Conversion Methods.—The method of lx* .Mense et ai^ 
was as follows: Into each of a seiies of 500-mI. Eilenmeyer flasks were 
placed 49.0 g. of ground corn, 0.5 g. of ground barlev malt, and 170 ml (jf 
tap water warmed to 70°(k The flasks were incubated in a water bath at 
(U C. and the mashes were stirred intermittently for 30 min for pre- 
malt,ng. The mashes were then cooked for 30 min. at a steam pressure of 
25 b. per sq. m. and cooled to 75°C’ The mold enzyme liquor was added 
to the mash with enough ^^'ater to lower the temperature to 55 to 50°(’. 
at which temperature conversion was carried out for 30 min. with frequent 
agitation of the mashes, ddie same method was used for malt controls 

except that 45 g. of corn and 5 g. of malt were used, 0.5 g. of the latter 
eing foi premalting and 4.5 g. for conversion 

In the pmeedure „f .Uhims and ).i,s a»»oeiates,> the grain to be con¬ 
verted (corn) "as cooked for I ].r. at atmosphori,' pre.seure, antoclavetl for 

Z: Vm- , ’■ "‘a temperature of conver- 

represent tO per cent of ite final volume. The mash aglL.ed for ^ 
nun. and cooled to the temperature of sett ing. Ten per cent hy volume of 
sti lage was then added, and the pH was adjusted to 4.8 and the total 

Fermentation.—The corn mashes converted bv the methorl of Is. 
Mense and eotvorkers were inoculated in the proportion of 2 per cent hv 

coileTto 30T H ' ■ t"'"'"'' «li7), after Ireing 

oi.—“ch cJe" "?h: 7'“"'^ 

dislnied (7 "f 300 rah, of which a 20()-ml. alir.uot wa 

ntstilled. In each instance UK) ml. of distillate weie collected T 1 

mdex° '™“ “‘'®''*“ravd by determination of the refractive 

asso":S7aSltolt'’V '»- 

^ - proof gai. pe:r L'th':r/jm^Sd r:;;:,; “ 


^OMooYi, Jour. BioL Chem., 160 ; (il ( 1045 ) 

•:T' and li omLe tec 

.ttmiHesses, and .Swchs. I„. 


cit 
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Amylase 


Erh, \\ isthoff. and 


some raciors - , 

.Jacobs' invcstiRatod some of the factors that inflmmce amyla.-^* pr<xluc- 

tion 1)V ^1. niycr XRUI- 337. The l)asic medium used l)y them was a 10 

* , • i*i* ^ A . . >..11 ..C I n x«'Wli npiil 5jn<l 


tion Dy niyrf *m\ivi. o.^i . .— / , . . , , 

per cent corn mash, acidified to a pll of 4.0 with sulphuric acid and 

cooked for 1 hr. at a steam pressure of 30 lb. The concentration of the 

medium was adjusted as tlesired, and calcium carbonate was added to 

^ • . 1 -.a!.--. ..i* r\ O?^ 

hring tlio pH to o.o. 
to each flask. 


Urea, in the proportion of 0.25 per cent, was addcnl 
to eacn iiasK. i ue medium was distributed in 100-ml. amounts in l-liter 
Erlenmever flasks, sterilized, cooled, and inoculated with the spore.s of A. 
iiigrr XRRL 337 and shaken continuously at 30 to 32°C . for the de.Mred 

period of time. 11 • i 

It was found that the addition of small (plantitles of sodium chloride or 

potassium chloride (0.001 p. per 100 ml.) stimulated amyla.se production. 

Enzyme production was coiTelated with the concentration of the gram 
in the medium. When an incubation period of 90 hr. was 
enzyme production of a medium with an initial concentration of 10 Brix 

^yas decided superior to that of media of 8 and 0° 

respectively, tlowever, ba.sed on an incubation period of 22 hr., th. 
medium of 0° Brix concentration possessed greater enzyme activity t an 

the media of greater concentration. n noc. 

Sodium pentachlorphenate (Dowicide G), in a concentration of 0.00b 
to 0 012 g per 100 ml. of medium, and ammonium bifluoride, m a con 
centration of 0.015 to 0.02 g. per 100 ml. of medium may be used to com 
trol bacterial contamination during amyla.se production ^ 

XRRL 337, according to Erb, W isthoff, and .laco )s. ‘ P 

chlorphenate tends to inhibit or prevent sporulation of the mold Ro - 
ever,^ow amylase production and sporulation in shake-flask cultures ar 

^'^^Action of Mold Enzymes in the Saccharification of 
and Langlykke^- studied the action of the amylol>^ic -zy^^ 
mold culture filtrates on the saccharification of starcR 
appeared to be due principally to an a-amyla.se and to ^ 
enzyme svstem. Little or no )3-amylase was obseiw'ed in the mold cultu 

filtrates The action of the fungal a-amylase was related to t a o m 
a-amvlase. The a-amylase liquefied starch and formed dextnns and 
maltose The glucogenic enzyme system acted upon malto.se ^ ^ 

:™yia*thich produces maUose. The efficiency of sacohanficat.on 
> Erb. X. M., R- T. Wisthoff, and W. L. J.kcobs. Jour. Baci., 66 (Xo. 6). 8 
CORM.^N. j.. and .\. F. L.vnglykke. Cereal Chem., 25 (Xo. 3): 190 (1948i. 
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apjieared to »je mure cl,j„ely correkt«*il w ith the activity of the glueogtMiic 
enijme ny^xvm than with the a<*tivity of o-amylaise. 

USE OF BACTERIAL AMYLASE PREPARATIONS AS LIQUEFYING AGENTS 

BarteriaJ amyla.<»<- preparation^ may be u<ed instead of malt for the 
thinning of cooked gram masho in the production of ethvl alcohol 
a^aording to Hao and Jump * Table 17 compart‘s alcohol yields from’ 

rABUB 17 or Aux>hol Vi»:ldh raoM Coax Mash Liyi kfiku with 

Auvuifle I*MErAa\Tio\s> 



UVight miio 


Hull 

fMF 


I^qiWyini: 

injii4»nal 




onver- 


^ M'Id.’ pnMif gal. 
hu. on: 
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any 
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8 
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8 
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91 

91 


Mon rf- 

w W 

per r«-nt 

, - - - 
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j 

j 
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3 72 
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91 0 
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Table 17 also imlieates that eoneeiilraterl hyrtrochlorie aeui was 
Iho most oflieient ai-ent for liquefyi.tB the mash, on.ler the con.htton, 
employe,!, the eottverslot. effieieney bein,. 03..'; per cent when the saeehart- 

fyinK iipent was (’oiiverzyme Xo. 505. 

THE AMYLO PROCESS 

This proeess is primarily one for eonvertinR stareh to suRar by the us,- 
of seleeteil mol,Is, sotne of whi.’b have the ability to pr.Hhtee small 

tmantitics of alcohol from sugar. , , 4 

The grain to he hydrolyzed is soaked in water for several hours to 

soften it. It is then mixed with approximately twice its weigh of water 
and heated at a pressure of 4 atmospheres to remler the starch s<ih hie 
\(.idilication of the mash with 0.0 to O.S parts l.y weight 

> i -mh is cooled ,o 40 ,o 38-C. ami inocula.cl w dh 

a pure culture of a .If acor or a related mold. -U. roar,., fopoa- 

iras R lonkincnais, an,l R. delcmar are some of the molds that have l»en 
r,! in the ..mylo process. Sterile air is passed thro.tRh the se^dc^ m^h 
for 24 hr., while the temperature is maintained at 38 C . 
then cooled to at least 33°C'. and inoculated with yeast. 

Hv using a modification of the Amylo process developed by 

sUarch hydrolysis and fermentation are carried out \ 

adding at the same time Mucor boulard Xo. o and a yeast. is t a 
that time is saved by the use of the Boulard process. 

A MODIFIED AMYLO PROCESS 

The use of a modified Amylo process for the 
gram lar wheat flour mashes in the production of ethyl alcohol has b^n 
desciibed by Erb and Hildebrandt.3 ^ brief, this process involves the 

development of a mold inoculum, the preparation of the - 

addition of the mold inoculum and a yeast starter {.Saccharomyces 

anamn^s) to the mash, and saccharification in 

Development of the Mold Inoculum.-^^accharifacation of the 

the granular wheat flour mashes is brought about > A^he 

prLlfcid bv the mold. In order to facilitate rapid saccharification of the 

ma.he., 1. is nccessury to build up a volume of ^co^pllhed by 

12 per cent of the volume of the final mash. This is accomp 

. Owes, w. L., The .Vmylo Pmces, of Melting in tfhbkey Distilleries, .4 ™. irtnc * 

/v/qwor June, 1936. ^ i' tt TVinlarr! 1*^31 

= UoULA»D. lb, Societe d'exploitation de. ptJtMes, «. (1946). 

» Ekb, N. M., and F. M. Hildebr.^ndt, Fnd. Eng. Chem., 38. 7. 
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carrying the development through three stages, the first of which is 
initiated in the laboratory and the next two in the plant. 

Laboratory Stage—The mold used is a pure culture of either Rhizopus 
(ielemar or R. boulard and is carried on slants of malt agar. The first step 
in the development of the inoculum is the inoculation of a special medium 
in a 100-ml. Erlenmeyer flask with mold spores. The medium contains 
mgi-edients m the following proportions: 25 g. of flour, 0.1 g. of ammo¬ 
nium sulphate, and 500 ml. of water. It is dispensed in shallow layers in 
100 -ml. Erlenmeyer flasks and sterilized at 250°F. (121.1°C.) for 1 hr 
The spores produced in one flask are suspended in 3,000 ml. of water and 

used to inoculate the sterilized medium of the vessel employed in the first 
plant stage described below. 

Plant Stages.—^ medium containing the folloning materials is 
Sterilise for 1 hr. at 250“F. (121.1»C.) in a jacketed steel pressure vessel 
c as a \\oikjng capacity of 75 gal.: 20 lb. of ground malt, 200 g of 
ai^onium sulphate, 5 g. of zinc sulphate, 100 ml. of phosphoric acid, and 
^utfaclent water to make 75 gal. The mash is cooled to 90°F (32 2°C ) 
and moculated ^^ith the 3,000-ml. suspension of mold spoi-es prepared in 

Th mash before inoculation is 3.8 to 4 0 

he seeded mash is aerated at a pressure of 5 lb. Within a period of 20 

hr., there is abundant growth of the mold and the culture is ready for use 
to inoculate the next larger medium. 

closed stage, the medium is prepared and sterilized in a 

e pi essure vessel which has a working capacitv of 2 5(X) gal and 

^^^ch contems cooling coils. The medium used in thi.^ vess’eTis loQ aal 
stillage, 0.5 lb. of aluminum powder, 20 g. of zinc sulnhai.P fi IK 

anunonium sulphate. 1 ,(K )0 ml. of sulphuric Lid, Td suffiinl’l t ^0 

™2 The resultant pH of the medium is 3 8 to 

madu; taTo:„rrar:tjJta 

" o?r j: jru 

raent uithTa-bon ' ■''"'“'’'d by treat 

and'^y'Srare” p“u a7L7''^ 

The one .L^rmaltJon^^e7““'’ 

1 ^ 100 gal. Tvo antiseptics are added to the mash-0.75 lb 
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of ammonium bifluoride and 0.7 lb. Do%v'icide G for each 1,000 gal. of 
mash—for no attempt is made to sterilize it by steam. The mash is con¬ 
verted in a mash tub at 145°F. (62.7°C.) for 1 hr. with agitation. The 
mash that is to be converted by the molds is prepared in the same manner, 

except that the amount of malt is 2 pei cent. i •£> n • 

Addition of Inoculums. —The control mash (malt saccharified) is 

cooled, pumped into the fermenter and 4 per cent of yeast inoolum 

(starter), based on total charge, is added. The amoimt of mash and 

yeast added initially fills about 30 per cent of the Th^is 

mixture is aerated for 3 to 4 hr. Then the tank is fillec to 20,000 gal. by 

the addition of two more mashes prepared as described above 

The procedure with the mold inoculum is similar, except that the 

contents of the 2,500-gal. vessel containing the mold are added to the 
fermenter along with the yeast. Conversion and fermentation proceed 

"’'^sl^c'hr^c^ation and Fermentation.— Saccharification and fermenta¬ 
tion are complete in 40 hr. when the volume of mold ^ 

12 per cent of the final volume of the mash; and in 55 hr. when the volu 

of inoculum represents G per cent of the final volume of the mash. 

Yields.— men mold was used as the principal conversion agent the 

average yield from 10 fermenters was 12.1 proof gal. per 100 lb. of diy 
grain which represented 91.2 per cent fermentation efficiency. \\he 

Lit alone n-as employed, the .average yield from «fa 
proof gal. per 100 lb. of dry grain, which represented 84 per cent fermen 

tion efficiency. 


ACID SACCHARIFICATION OF GRAINS AND 
OTHER STARCH-CONTAINING MATERIALS 


f.rains, vegetables, and olher atareh-containing 
sacchariKed through the use of acids, such as sulphuuc o j 

acids In general, the products to be converted arc macerated, »' 
mixed with a measured quantity of acidulated water, and treated wit 

stoam under pressure. i tea cLo dpsired oH 

After saccharification, the mashes may be adjusted to the 

sodium carbonate, or calcium carbonate. The use of of 

nitrogim for yeasLrowth. If sulphuric acid is used for the 

the starch and subsequently neiitralitied '''’'7, ^“LTbv’sedi- 

precipitated calcium sulphate may be separated from the ^^olt y 

mentation and/or filtration. 
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Severson* has investigateil the saccharification of various grain mashes 
«-ith hydroclilonc acid. Ma.ximum yields of ethanol from the acid- 
sacchanfied grams averaged somewhat lower than those obtained by malt 
sacchanhcation. Highest yields of ethanol were obtained from corn when 

the mash was heated for 2 to 3 hr. at a steam pressure of 25 lb. per sc, in 
in the presence of 0.10 X hydrochloric acid .2 

Table 18 .-Efke«^ of M.alt, Sotoea.v Meal, and .Mold Bran upon the Alcohol 

IIELDS FROM AcID-SACCHARIFIED CoR\ MasH^ 



Malt and so^'bean meal 


Mold bran and malt 


Mold bran and soybean meal 


Proportion of 
material as 
<*ent of corn 


Yield, 
per cent 


Proportion of 
material as 
pcT cent of corn 


Prof>ortion of 
material as 


per cent 



L.. E. I. FruiM. and L. A. Ukdekkoflm. Ind. Eng. Chem., 32: 544 (1940). 


in The nH ‘ P'-''*«ure of 25 lb per m 

^ the cooked mriehcs was adjusted to 5.0 with concentrated 

■ >‘= 215 ( 1937 ). 

(IlMO). > L A. U.SDEEIIOFLEE, /„<i. 32 , 
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ammonium hydroxide. Weighed portions of amylolytic (enzyme- 
containing) materials were added to the acid-sacchanfied mashes and 
final saccharification was carried out at 55°C. for 00 mm. Results ot 
typical experiments by Schoene, Fulmer, and Underkofler are shown in 

Table 18 on previous page. 

An examination of Table 18 indicates that the best results were 
obtained with mold bran. Schoene and his associates suggested that the 
increased yields resulting from the use of mold bran were due to the large 
variety of enzymes that it contained. For example, mold bran contains 
emulsin, an enzyme that may hydrolyze gentiobiose (a disacchande that 

may be formed during acid saccharification) to dextrose. 

Mixtures of mold bran and soybean meal also produced increased 

vields of ethanol from acid-saccharified corn mashes. 

‘ According to Hayek and Shriner,* starch-containing mashes may be 
hydrolyzed (saccharified) satisfactorily by the use of sulphurous acid. 
They showed that pure starch may be completely converted to glucose in 
15 min at 165°C. in the presence of 0.2 to 0.4 per cent of sulphur dioxide; 
(haT~sh may be hydvolyzed in 15 min. at 1(10»C. with 2 pet eent „ 
sulphur dioxide; and that wheat mash may be hydrolyzed m 10 mm. at 
105 to 170°C. with 2 per cent of sulphur dioxide. As high as 95 per cen 
of glucose is obtained from corn and wheat mashes by hydrolysis with 
sulphur dioxide. The sulphur dioxide may be removed from the h> di o- 
ivz^d mashes and fermentation initiated. Yields of ethyl alcoho 

obtained from sulphurous acid-hydrolyzed mashes 

with those secured from malt-converted mashes, according to Hayek . 

*’''"The pH of a m.aah aacchanfiod with acid must bo adjusted before it is 
inoculated with yeast or other fermentation organism Such adjustment 
of the pH usually increases the salt concentration of the mash. 

ACID SACCHARIFICATION OF AGRICULTURAL RESIDUES 

Dunning and Lathrop,^ of the Northern Regional Research Labora¬ 
tory have reported on their research concerning the laboratoiy-sca 
saccharification of agricultural residues, such as corncobs, co 

hulls flax shives, oat hulls, and sugar-cane bagasse. • 

The agricultural residues, typical analyses for which are K'vcn 
Table 19 are hydrolyzed in two stages. During the first stage ^ 
into^ are hydrolyzed by the use of ,lilute sulphuric ac d, and durmg 
the second stage the cellulose is hydrolyzed by the use of eoncen .ui 

sulphuric acid. /miai 

1 IlAYCK, M., imd R. L. SUKINER, a^No i)-^4-LH1945^ 

» Dun.nino, J. W., an<l K. C. Lathroc, Ind. hng. them., 37 (No. . 
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Table 19. Percentage Analysis of Representative Harowoods, Softwoods, 

AND Agricultural Residues' 

Material 


Ponderosa pine®. 

Tanbark oak®. | 195 

Corncobs. 

Bagasse. 

Oat hulls. 

Cottonseed hulls. 

Flax shives. 


Pentosan 

('elJulosc 

Lignin 

7.4 

52.3 

26.6 

19.6 

44.8 

24.8 

28.1 

36.5 

10.4 

20.4 

41.3 

14.9 

29.5 

33.7 

13.5 

21.0 

35.1 

16.8 

23.0 

38.0 

24.0 


_ V.. (INO. U:24 (1945). 

Ritteii, G. J., and L. E. Fleck, Ind. Efig. Chem., 14: 1050 (1922). 

Pentosan Hydrolysis.-The purpose of this hydrolysis is to separate 
the pentosans as xylose and furfuial without saccharifying the cellulose. 

A study of the effects of acid concentration, temperatuie, time, and 
other factors upon the hydrolysis of pentosans has been made by Dunning 
and Lathropi and it has been found that satisfactory liydrolysis may be 
accomplished under carefully controlled conditions. For e.xample when 
corncobs were treated ^^ith 1.9 per cent of sulphuric acid at a temperature 
o C. for 50 mm., using a solid to liquid ratio of 30:100, the yield of 
xylose was §6.1 per cent, that of furfural (as xylose) 9.3 per cent, and that 
of dextrose 0.78 per cent. Thus 95.4 per cent of the pentosans were 
hydrolyzed, whereas less than 1 per cent of dextrose was produced Data 
concerning other conditions found satisfactory for the separation of 
pentosans from hexosans may be found in the table which follows: 

20.-EPPECTS OP Acin Conckntr..tion, Tpmpph.^ture, axo Time upon 

bEPARATION- OP PeN TOSANS PROM HeXO.SANS* 

Acid concentration (sulphuric), per cent 

Temperature, °C. 

Time, min. 

Solids: liquid ratio, g./lOO ml. 

1 • A ield of xylose, per cent. 

2 . A ield of furfural (as xylose), per cent, 
d. Sum of 1 and 2 . 

4. Yield of dextrose, per cent. 


1.9 

4.4 

4.4 

121 

100 

100 

50 

55 

50 

30:100 

6:100 

6:100 

86.1 

84.1 

86.9 

9.3 

10.9 

8.4 

95.4 

95.0 

95.3 

0.78 

3.2 

1 

1.4 


Dunning, J. W., and E. C. Lathbop, Ind. Eng. Chem.. 37 (No. 1); 24 (1945). 

batten- 

oratory scale to determme the value of countercurrent evt™e,t„„' 


on a 

pantosans front corncob residues. Each of th7;;nr:; ^h^: ™ 


' Dunning, J. W., and E. C’. L.- 


athrop Ind. Eng. Chem., 37 (No. 1): 24-29 (1945). 
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equipped with the required inlets and outlets and a heating eleineut 
Dilute sulphuric acid at temperatures just under 100 C- was ciiculated 

through the crushed corncobs under a variety of conditions. 

As^a result of these experiments, certain facts become cleai Extra 
tion of 90 to 95 per cent of the pentosans as hydrolyzate products could be 
accon plished consistently in 80 to 120 min. The hydrolyzates contained 
uZ 2 S per cent of reducing sugar. Sharp fractionation of pentosans from 

hexosans resulted only ^^hen condi- 

tions were limited. However, high 
yields of xylose could be obtained 
under a variety of conditions. 

Cellulose Hydrolysis.—The cel¬ 
lulose in the extracted corncobs is 
hydrolvzed in dilute acid solution 
after impregnation with concentiated 

sulphuric acid. One process devel¬ 
oped by Dunning and Lathrop was 

essentially as follows; 

The extracted corncobs were dried 
by filtration; by dewatering devices 
(to 50 to 55 per cent); and by the use 
of hot air at temperatures from 60 to 
70°C., until the original acid from 
the pentosan hydrolysis was concen¬ 
trated to 72 per cent. Residues 
dried in the presence of acid were 
more readily saccharified than those 
freed from acid before drying. The 
dried material was passed through a 
hammer mill to reduce it to the de¬ 
sired mesh size. 




X 


50 60 70 

lbs. 82504/100 LBS. 

dry extr-d. cobs 

S-n.CBh re*iaue. water-waBlied. 

• « .50-Mie8h residue, water-washed, and dried. 

4 . » 50-meHh with aoitl dried into residue. 

Pjq 16 .— Effcnt of variables on yield of 
dextrose from extracted corncob.s impreg¬ 
nated with 85 per cent sulfuric acid at 
40°C. [Courtesy of J. W. Dunning ar^ 
E. C. Lathrop, Ind. Eng. Chem., 37. 2 

(1945).1 


The dried residue was impregnat ed 
inth sulphuric acid of 85 per cent 
concentration by means of a ma- 
-- chine constructed of mild steel, which 

contained a hopper for feeding purposes, a on a sl-K 

cooled with water, and a water-jacketed .-asms. ' j,, 

effect of variables on the yiehl of fTo^his 

impregnated with 85 per cent sulphuric acid at 40 

figure shows that a 90 per cent yield of ^ i^to the 

lb of extracted corncobs (of 50-mesh size ant wi sulphuric 

residue) were treated with slightly under 50 lb. of 85 per cent sulphur 
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acid at 40°(.’. for 2 min. According: to the authors, this quantity of 
sulphuric acid Ls considerably less than that suggested in some other 
saccluirification processes involving the u.se of concentrated sulphuric acid. 

llie residue, impregnated with 85 per cent sulphuric acid, occurring as 
a dry powder, is diluted with water and pt'rmitted to umlergo hydrolysis. 
Dunning and I^throp have reported that umler optimum conditions— 


CORNCOB STORAGE 


SULFURIC 
ACID STORAGE 


LIME STORAGE 


GPff^ER 


4 1 MESH 


PENTOSAN 

. OIL. 

HYOROLYZER 

r OIL. 


XYLOSE 


85% 



0R€R 


RESIDUE 




00% moisture 1 

AS OIL. HjSO^ ) 

furfural 

SOLUTION 




ACID MIXER 


IMPREGNATOR 


RESIDUE 



M7\ MOISTURE \ 

furfural ^) 


HYOROLYZER 
( 8 X HJSO 4 ) 


WATER 


XYLOSE 


solu tion 

(OX) 


furfural 

production 


lOX dextrose SOLUTION 


furfurai^ 


filter 


LIGNII 


NEUTRAUZER 


LIME 


neutralizer 


LIME 


filter 


CaS 04 


xylose soln. 


fermenter fermenter 


filter 


C0S04 


xylose 
crystaluzer 


mother liquo r 

TO furfural 
or solvents 


DEXTROSE 

SOLUTION 


)■!. 17 
^ ■'V I 


SOLVENTS ALCOHOL 

[I ouristy of J. H’. Ihtnninff and E. C. Lalhrop, Ind. 


crystalline xylose 

tlnw of th** pror co i 

I . 37: M (l&LSi.J 

1 A) 7*'sulphuric acid for 7 to 10 min. at tem,M^ratures of 
1 «*<-ured that containeil 10.5 pr.^r cent 

How Sheet of Process.— Figure 17 pres<mt.s a flow sheet of the process 
H-veloptsi by Dunning and Uthrop.* ^ 

Tal)le 21 shows the products that may lx* obtaineil from 
I i*»n ut a^nruliural residueti. 


{ 


r>' nmnl. j W and K. ('. I.athkop. fnd Eug. Ch.n, . 37; 24 UtMoi. 
















































98 


INDUSTRIAL MICROBIOLOGY 


Table 21. 


Prodi’cts Obtainable from One Ton (Dry eight) of Agrktlti ral 

Residfes' _ 


Agricultural 

residue 

93 per cent pure 
crj'stalline 
xylose, lb. 

Furfural, 

lb. 

95 per cent 
alcohol, gal. 

liigiiin 

lb. 


135 

1 214 

44 

227 


98 

155 

49 

32/ 


141 

224 

42 

29o 


101 

160 

42 

332 

Flax shives. 

111 

175 

46 

t 

52.) 


i Donning, J. W., and E. C. Lathrop. Ind. Eng. Chem., 37: 24 (HHo) 

Uses of the Hydrolyzates.— The dextrose solution obtained by the 
hydrolysis of cellulose may be used for the production of ethyl alcohol 
after the lignin has been removed by filtration and the excess acidity has 

been neutralized with lime. n . i i 

The xylose solution resultant from the initial (pentosan) Y^^" 

the residues may be used for fermentation, for furfural manufacture, or 

for the production of crystalline xylose. + 

Prior to its use for fermentation purposes, it is necessary to neuti al 

the xylose solution (that obtained by the use of the 

hydrolysis method containing approximately 15 per cent xylo^, 0.3 P^ 

water^azeotrope. The xylose may be fermented to butanol and aceto 
by Cl. acetoMylicum (refer to the chapter on this 

butanediol by .4. acrot/cnes (refer to the chapter concerning this subject). 

acid saccharification of wood 

For many years scientists have been engaged in developing ami 
imp!:;ing mUotls and e„tiipme„t for hyito|yz.ng .ood ™d 
cellulose-containing substances to sugars. Iheii effoits ha\e 

rewarded with success, for ti.ere are several ^ 

mentally different, by which sugars may now be prepari d on larg . 

“»a[“Dangiville, in 1880, proposed the use of gaseous 
vegetable libers, using sulphur dioxide or sulphuric acid. Attempts 
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establish commercial processes in the United States, based on his methods 
resulted in failure. ’ 

In 1910, Ewen and Tomlinson^ constructed the first plant for pro¬ 
ducing ethyl alcohol from sawmill waste in Georgetown, S. C. The 
average yield of alcohol, using dilute sulphuric acid under high pressure 
to hydrolyze the sawdust, was approximately 20 gal. per ton, although 
higher yields were occasionally obtained. 

Willstatter (1913) demon.strated that a 40 per cent solution of hydro¬ 
chloric acid was very much different in action toward cellulose than the 
cordon 35 to 36 per cent commercial hydrochloric acid solution. Will¬ 
statter, uith Zechmeister, discovered that cellulose is transformed with- 

^ -^0 per cent 

hvdrochloiic acid solution at room temperature. 

22--PH0DurTi0N or Ethanol from Cellulose, by Different Processes* 


Process 


Braconnot. 

Arnould. 

Siiaonsen. 

Claassen. 

Eweii and Tomlinson... 

Cohoc. 

Willstatter. 

Hag^lund. 

Kressniunn. 

Meunier. 

Scholler. 

Bergius. 


Year 


Hydrolytic 

agent 


1819 

1854 

1894 

1900 

1909 

1912 

1913 

1914 

1915 
1922 
1929 


I 


H2SO4 
H2SO4 
H2SO4 
SO2 
SO2 
HCl and vapor 

HCl 
HoSO. 

H 2 SO 4 
H 2 SO 4 
H2SO4 


p. . . , I 1931 i HCl 

Oiordam-Lcono. 1939 ' HoSO. 

--- ' ' 

* Giobdani. M.. Chimica t Industria ( Italy ) 


Concentra¬ 
tion, per 
cent 

Temper¬ 

ature, 

degrees 

Centi¬ 

grade 

Liters of 
ethanol per 
100 kg. of 
dried wood 

100 



100 

0.5 

180 

7.6 

. 

150 

7.5 

. 

150 

8.0 

. 

140 

9.0 

40 

20 


0.4 

175 

8.8 

2.5 

174 

10.7 

0.5 1 

170 

15-20 

180 

22-24 

40 

20 

32-35 

1 _^1 

• • « 

_ 

30 


21: 265 (1939). 


to the 


.. . - 

process used bv Ewen and Tnm’r corresponded to the 

August. 1918, to r i'”**'* 

ptember, 1919, the plant at Stettin== produced 300 


1938. 


•Jacobs, P. B., and H. P. Xe^ 


* Scholler, H., Chem. Ztg., 60: 293 a936). 


ewton, U.S. Dept. Affr. Misc. Pub. 327, Decemb 


er, 
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tons of suKnr an<l convo.l.-a it to l.W,nO(> litors of otl.yl alrol.of Owing 
to the low vioUls, only about 0 lifra of akohol ,a-r 1110 kg. of ,lry tvo„ 
anbstanrc, if wasec-onoinioally unsoun.l to .'ontinu.. o,xTat,on of the pl.ant 
aftov the war was over. It was later shown that the poor ytehls ha.l tarn 
due to a partial deslruetion of the sugars during the hyalrolylie prises-. 

At Geneva, Terrisse and I.evy in 111211 use.1 a eond.inatton of 411 ix-r 
rent hvdroehlorie avid solution and gaseous hydrochlonc and to hydr.r- 
Ivae wood in a method that later beeame known as the l'r« or proiess. 

' Much rescareh eoncerning the produelion of ethyl alcohol from wiss 
wastes has been carried out by the f .S. Forest PrcKlucts Laboratory at 
hiacli«in. Wis. Sherrard and Kressmaid reviewed the developmen of 
woisl saccharification processes in the I'nited btates from the time of leir 

inception tip to prior to World War 11. Hams, Heghnger, llajnt and 
!,"ieirard> studiei the hydrolysis of wood with dilute sulphuric acid in a 
stationarv digester. They found that yields of about oO per cent o 
redticing'sugar (75 to 80 per cent fermentable) could 
softwoods; and of about ,50 per cent of reducing sugar (.tO to t.o per 

fprmentuble) from liardwoods. 

The vi<e of the rotary digester in wood .sacchanfication was 
gatrf bv Plow. Saeman, Turner, and Sherrard.* They reported that there 
were some serious disadvantages and little advantage in the use of the 
rotary digester in multistage sticcharification of wood as compare 

the veiiical stationary percolator. , , • onrt of the 

S-ieman^ studied the kinetics of the hydrolysis ot wood and of the 

formation of reducing sugar from cellulo^. for the 

.,uanritrt"c\rrr^^^^^^ oMvL and Jllulo^e by ,8aeman, Bubl, and 

SeptembtT, 1044. Majw and E C. Shekr-^RD, Ind. Eng. 

*H.arris. E. E.. E. Begunger, G. J. Hajnt, and i.. 

Chem., 37 No. 1): 12 (ltl45b Tt-rvfr and F C. SherR-ARD. Ind. Eng. 

* Plow, B. H.. J. F. S.veman. H. D. Titlner. and r.. 

C.. 37 tXo. .1:4,1,1145,. 
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30°C. for 45 min. after air-drvina to fie . acid at 

is diluted u ith water and treated t h 7 

bv boiling for 4.5 hr. ' ^ P''ass>‘''e of 15 lb., or 

Har“ Klt“1hte* rcMeTa" eH 

and a micro method devebpS 

the reducing sugars,- and a test for fermentable sugaT' 

methods for produdng edLnolXm'cellulor different 

2. The Bergius-Rheinau Process_ r • a 

Willstatter’s discovery th-it n 40 f process is based on 

«ni h.dr„i,se eeiiuios^ to 

Jolt- r“ 

" ood ,s next conveyed to a battery T diffustt‘’"rterr'h 

Zd^ Teoirrr 

The acid progresses through the battery ^^’1 sr'l '” 

'nth fresh wood in the first diffi.«« • ^ n contact 

about two-thirds of the wood bv J ’ h+ extraction process, 

remains as lignin. The ^' ^d^ r 

32 per cent by volume of reducing sugar.^ "«ntains approximately 
is now distilled at 36unde^vac^^ Mrolyzate) 

the acid from the sugar Thi^ n T the bulk of 

the acid from the hXy.^^e P- of 

and used over again. ^ ^ ^ regenerated, reconcentrated, 

'rhere 'va^t° an^Vydrol^^ric acid ^ ^ spray-drying chamber 

resultant solid product which is vol, evaporation. The 

an apparatus that re^^et par"c s 

‘centrifugal force. ^ ^‘•om the air by 

0^35 aWoh' Fnff. Chem., Anal. Ed., 17 

('''■«• 2b 95 a 945h' Ind. Eng. Chem., Anal. Ed., 17 

' 29 : 247 (1937). 
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There are approximately 90 per cent sugars, 8 per cent water, and 
1 to 2 per cent of hydrochloric acid in the solid hydrolyzate. 

The sugars of the hydrolyzate, which are usually glucose, fructose, 
mannose, galactose, and xylose (depending on the nature of the wood 
hydrolyzed), are principally in a tetrameric form and are not directly 
fermentable. However, by diluting the solid hydrolyzate with 3 parts 
bv volume of water and by heating the resulting solution at 120 C . tor 



Spraying steps: 

15. Air heater 

16. Spray dryer 

17. Cyclone separator 

18. Crude sugars (raw product} 
Crystallization steps: 

19. Vacuum pump 

20. Inversion 

21. Evaporator 

22. First crystallization 

23. Filter press 

24. Solution vat 

25. Recrystallization 

26. Centrifuge for pure crystals 
*>7. Sirup filtrate (mother liquor) 
>8 To alcohol (by fermentation) 


[Courtesy of Dr. F. Bergius, Ind. Eng. 


1. Wood supply 

2. Wood shredder 

3. Chips 

4. W’ood dryer 

Disintegration steps: 

5. Hydrochloric acid 

6. Dried wood chips 

7. Diffusion battery 

8. Lignin 

9. Lignin-briquetting process 
Evaporation steps: 

10. Sugar solution , , . , . .» 

11. Evaporator for hydrochloric acid 

12. Condenser 

13. Hydrochloric acid 

14. Sirup 

j.'jQ ig —Flow diagram of the Bergius process 
Chem., 29 : 247 (1937).] 

0.5 hr., the tetrameric form is converted to a fermentable form, dalac- 

tr^se and xylose are not fermentable by yeast. 

ATcordlns to Beinius, approximately 80 per cent of the raw euga 

obtained by hydrolysis is fermented to alcohol, a long ton 

yielding 85 to 90 gai. of ethyl alcohol (190 proof) The other 20 p« 

cent of the sugar may be recovered and used for foddci or oi 

‘'“’'iriignin, washed free of aci,l, may be used as fuel, or pure charcoal 

AcXIcXSn Ototmitles that correspond to those recovered d.n^ 
the destructive distillation of wood, is obtained as a lij-pio 

pror 
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3. The SchoUer-Tornesch Process.contrast t,. tl.„ R„ • 

proofs, the Scholler process onrplo.vs dilute acirefctl I te 
any definite par,S i f! the™ “ " 

the acid. attempt is made to recover 

P.essure percolation L rt 19 tt“ m/'' 'r”"' 

eolation method ; and crvez\ e c r-* t the per- 

that corresponds to the Stettin u ar process. arification by a method 

I'OO 


° 40 




z' 







I 










si 


0 

Fig. IQ—rra k- I P''Ocess time in hours ^ 

percolator. aautoclave and 

system of conveyL^to thrloo carried by a 

is packed. Dilute acid solution'is permitteVto^'^'^'^f'''' 

under pressure through the heated wnnH +K mtermittentlv 

;ton being removed perioriically to preventTuroTr''^'*"® 

The sugar solution is neutralized udth CaCO ne ‘^sfoyed. 

Istterr'- f™e:SV“ ^ 

AS Stated above, the particle size nf thza i 
tonee. Sawdust, plane dust rasp dust 1 T 'f 

vanable moisture content may be used directty™ “ 

i^ach percolator 11 • , ^oecuy. 

capaeity for 50 cu. m. of mTteL “ffisTu f f "ith a 

containing substance. After the nerc i **'® '■^Hulose- 

applied suddenly from above upon thrioo°i ?“!’ i'* 

'S^occea, H.. C*r,a, 2„., 60: 20 “,936, "ith ‘he 
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result that it is compressed evenly. The percolator is tilled OBain and 
the material again compressed. The procedure is repeated until the 
percolator is almost completely filled ivith the compressed cellulose 

material. . . , , 

The dilute acid solution used for hydrolysis is prepared by pumping 

sulphuric acid into water, which has previously been warmed by passage 

through a heat-exchange apparatus, to give an acid concentration ot 

approximately 0.4 per cent. + .• i o+ .> 

This dilute acid flows through the cellulose-containing mateiial at 

temperature of about 170°C. and a pressure of 8 atmospheres Ihe 

sugar solution thus formed is removed shortly, passing through the heat 

exchanger where it gives off heat to water being warmed for the dilute 

acid solution. Hydrolytic action continues m the percolator aHei t le 

removal of the sugar solution, owing to the moisture, acid, 

190°C.), and pressure, but no additional sugar is removed until the next 

passage’of the hydrolyzing solution. w 

After the sugars have been recovered from the wood waste b> int 
mittent percolation with dilute acid, the lignin residue, which is in the 
form of a hard cake, must be removed from the percolator. Since hgn 
has a high water content and is at a temperature of about 180 C. at the 
end of the process, the sudden release of a section in the lower portion of 
the percolator causes an explosive expansion of the water m the hg 

and the cake is shattered. inHnstnallv 

From the sugars obtained by the preceding method, industiially 

important alcohols, acids, or yeast may be prepared. ,v„„,„,i,al 

Ethyl alcohol yields amounting to 60 to <0 per cent of the theoretical 

are obtained by this process. 

Lignin, acetic acid, furfural, and waste sugars are by-products. 


Tabi.e 23. 


Pkoducts Obt.vined by Different Processes from 100 Kg. of Dried 

WOOD^^___ 

CSiordani- 

LeonP, kff. 


■ • * 


a • • • • 


• • • 


Acetic acid. 

Furfural. 

Lignin. 

Total BUgars. 

Sugars fermented by yeast.... 

Sugars not fermentable by yeast^ 

Yield of ethanol (liters of 100 per cent) 

T'prepare .1 from .lat 4 t presented by M. Gionlitni. Chimica 


Hergius, 

kg. 

Scholler, 

kg- 

4 

2 

33 

.30 

66 

43 3 

56 

35.2 

10 

8.1 

35 

22 1 


0 2 
2 

30 

60 

48 

12 

30 


f induxtria (Italy). 21 = 265-‘.!72 (1939). 


: C—M., S. „Uli.«l b, l.«..~ in Pi«l«Oi»n “> “• 


































lUCCHAB/ni.XG AOtSTX UtTHUUfOT FKODVCTIOX .< VO r.Vi.s 105 

^ “* •''l“«' •!<« 

l *ir“I -^l* •■-n«Tnin« 

Ijum Xht BrT,u., ««i ,h, .vh< 4 trr ,.,1,1.. •« 



4droM 


Of 



KM 


P"""«v Uw p« '™'' 'I* ‘lionWlxw 

«*«■ •nttimifinm for il>. . 4 . I* >“"l l>y f 'loo- 
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CHIP 

STORAGE 


RELIEF VALVE 


CONDENSER 


_ RECEIVING 

XDRAINS TANKS 



neutralizing 

TANK 


PUMP 


BEER 

WECL 


fermenter] 


JPUMP I \ air 
neutralizing heat 

SUGAR SOLUTION RECHARGER 

K-Equipment f or «aocharifiraUon 1 ol t! 
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6. The Madison Wood-Sugar Process •—Th;. r. 
by the Foreet Products Laboratory onl r S T 
at Madison, VVis. Wood cr . ^ ^ 

shavings, and sawdust, is hydrolyzed Ty 

through it dilute sulphuric Lid L t^LLtL^ f mZ 

hydrolysate is then automatically neutralizL Lth itoe andLte ^d Id" 

under pressure. The solution of wood sugars may be “d fe^pL;:!:^: 


AIR LINE 


flash chamber 


PH CONTROLLER 



ACID SUGAR SOLUTION 
FROM FLASH TANKS 


NEUTRALIZING 

TANK 


1 

T neutralized 

A I SOLUTION 

CIRCULATING STORAGE TANK 

E. of E E Harris d 

■^fady>on, Wie., June, 19407 Laborlri v.f. D^pt 

myces cerevis^ae. alcohol by fermentation with Saccharo- 

F J 21 SLl“L^t“ent'^f “'rr - ^»ow„ i„ 

chipper used to break up nieep-^ f ^ following elements: a hog 

ties for lifting the waste to the storngrchlmb^ to the desired size; facili- 

above the digester; a digester constructed T 'r 

capacity of 27 cu. ft. and of 2‘?-in , having a 

at the top and another plus a screen arthe reducing cone 

capacity variable from 2 to 10 gal per I n ”5’ ^ ^ 

variable from 0.2 to 4 gal. per hr -Tswiteh f'''' ^ capacity 

1-ated in the water te for alTn^aT? "i^t 

d'gester for introducing the dilute^acfd • a flahT ^°P 

^ ""^ralizing kettle; storage tlnks an^f’ 

-r: nr;: ^ 

Wis.. 7„^e. lufa; at 
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in the following percentages; 25 to 30 per cent shavings, 25 to 30 per cent 
sawduir Ld 40 to 50 per cent edgings and slabs. These are hogged nr 
such a manner that the pieces vary from 0.25 to 1 m. m length .reen 
wood waste containing 30 to 50 per cent of moisture is more satisfactorr 
than dry wood because of the gi-eater ease with which the acid diffus ^ 
through the material. Bark usually constitutes 35 to oO pei ^nt of 1 1 
waste used. Yields of ethyl alcohol, used as an index of the efficiency o 
hvdrolvsis, are calculated on the basis of dry, bark-free wood. From 2 to 
2^5 tons of green, bark-containing wood waste are generally necessary to 

yield a ton of bark-free wood on the dry basis. i- . 

Daring hydrolysis, best results are obtained when the digester is 
oacted evenly with a uniform mixture of the hogged shavings, ^wdust, 

?pTtt “a" s Jam pressure of 150 lb. per su. in., is inteoduced 

fs tLn turned off. When the gauge pressure has dropped to ^eio, t 
c^itris opened and a new charge introduced, followed 

the hJting of the wood waste. Finally, the vents are closed and steam 

introduced to yield a pressure of 50 lb. in the digestei. 

Acid is introduced into the digester as follows: At the beginning, 

lb of sulphuric acid at a concentration of 1.6 to 2.0 per cent and at a 

temperature of 150”C. are added rapidly at the top of the diges ei. ^ 

IrunJoflid is reuuired to bring the prage -nc—J 

^ f n f; in 0 r> ner cent and at a temperature of loO L J is 

added at the rate of 12 gal. per mm. to bring '""I'® of 

^te r L hrst acid - been^^^^ 

pump is started and time a temperature 

added at the rate o P + o in the diffester to increiise by 

obtained This temperature is maintained until the en o 
‘'"rUltaneously r^th the addition oJlw 

the aciil-sugar ^ Thus the rate of addition of 

rSd 1 leljs "hat o^f the removal of the hydrolysate are 

the same. 


SACCHARJf} I.\G AGEXTS: METHOD.^ OF PRODl'CTIOX AXD I’SE 




UH) 


TV hydrol>-U is continual untij the Hvmge r«i„cing-sugar coiH-on- 
.r.u« a IV touil cuml,i„ed hydrolysate is 5 0 per .enl. This eorre- 
spwids to a dtst ununuat „„ uf the hydrolysis after the eoneeo.m,ion of 

sugar the hydrolysate luo, dropped to 0.5 per rent or les! 
TV hydrolysate is jassse.! to a fla,sh ohamVr where the p,e,ssu,e is 
dr^pe<i to JO lb. per sq. m.. permitting the steam to carry off the metha 
^ furfur. TV latter are pa.s^i through a hea, e.xehl.,;r,w aid 
« ut Vut* .-.^hsl, heat iV water llml is usetl in making the .lilute arid' 
n.e wiKar elution automatically neutralixtHl with lime and then 

hlterrsl to remove ealemin sulpltate while still at a pr,rs.sure of 30 |b 

finally, the sugar solution is eooled to .'WC. I.y Hashing, and the 
pfw ipiute whM-h fs^ttk's out Is removeil iiy filtration 

Tla* usual time re<,ui„.J for hydroly.Ji.s iV 2.tJ to 3.0 hr althouirh 
.*«-asionally it may la* slightly shorter or lonRcr aitliouKh 

.K ton of dr>*. Wk-frc- Dou^laa fir woo.1 waste, when hy.lrolvz,.l bv 
tlK. ^-KomK pr.K.,^s yKild, r.1,5 Kal. of 05 ,>.r c-ent ethyl alcohol 

an. ^ the Scholler process 

arc. the shorter tune re< 4 uired for hydrolyds- the lou.sr ws. 

h..vr ywhis of sugars andaieohoi ;r Th;r;;:,::;" 

Reference on Saccharifying Acents 

' »••».-rfsast .u„i,„,er„.,i 

tN.rav.v J s '"’ ”= >«I7 .IW7.. 

la": V.;: Tsel,no, 

»■-, IWtor.'tw., ^ 'st-ralorg, .Msdi^,,.’ 

...... 

l * «rf Influsfnal 

W.aodl. \ . 29: 247 n 037| 

— I •«. Patent 2 ,^-i 2 . 16 «. 
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CHAPTER IV 

the production of industrial alcohol 

by fermentation 

i. fermentation. 

chemical manufacturer, the brewer the H' rn™ yeasts. The 

manufacturer, the scientist, the housewife' anT’ "'""''Sar 

'caste carbohydrate materials may be uLl7the '»"-P'-ieed and 

daft::—” 

new interetron“i?ctunf of altemp7l™fi7 ^^mmed 

Wends of alcohol with gasoline espedallv af f substitutes for gasoline. 

ethyl alcohol, may be used satisfactorilV in the '1™*'“'"''’.® P®*' “nt 

bustion type of motor. Present-dav dpnfo A mternal-com- 

hut the sources of petroleum are lindted. ^ 
efinitions.—Ethyl alcohol rCFT PTT 

to by other names. For example^the^f a ^ "'“T >>« feferred 

the source of raw material from whfch R is m77 7 "T”'* *° 
the general purpose for which it is to he ii« H "“fuetured or to indicate 
■uade from grain.s, such as cfn,fw rice Tb “'^“hols 

CH.OH),ormethanol,7hichis manuftf‘77“77‘° “'*7'^ 

ion of wood, by synthesis, or by other " ^ 

a cohol produced from sugar-cane m I ™®“®' I'folasses alcohol is 

alcohol used for industrial purposes l7T' “leohol is ethyl 

motor fuels. ““ “ ®>>“lunation irith gasoline or other 

pXi^hrpZ^X'^^^^^^^ “7'* ” PfhFl alcohol 

*“"0" I® a wine gallon coni’’ 7"^ *7°“’ ‘’‘“'f®'- The 

- ®PHta Of a eoncXiot riS’X “X “ 
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equivalent to a wine gallon for spirits of a concentration less than 100 
proof. A barrel contains 31 wine gallons. 

Proof is twice the per cent in volume of ethyl alcohol. For example, 
95 per cent ethi”^! alcohol by volume is 190 proof. 

Production Statistics.—The ciuantity of ethyl alcohol produced by 
11 leading states and by the United States during the fiscal years 1942- 
1940 is shown in Table 24. 


T.'vble 24. —Ethyi. Alcohol Production by Le.vding States during Fiscal Years 

1!)42-1!)46' = 


(Production, proof gallons) 


State 

1942 

1943 

1944 

1945 

1946 

Pennsylvania. 

,101,768,211 

84,702,184 

146,992,133 

165,501,630 

62,641,608 

Ix>uisiana. 

89,499,307 

106,675,571 

120,559,576 

140,248,183 

73,155,800 

West Virginia. 

50,147,368 

50,555,545 

43,461,248 

43,304,054 

45,428,545 

New Jersey. 

46,417,013 

31,096,102 

52,446,671 

50,054,772 

22,620,682 

Indiana. 

39,841,119 

30,538,951 

53,342,979 

28,242,636 

28,078,096 

Maryland. 

35,030,299 

39,709,182 

49,069,064 

32,510,956 

24,509,586 

Texas. 

17,357,641 

20,409,0.56 

22,999,439 

20,623,120 

25,596,244 

Kentucky. 

Nebraska. 

2,421,565 

21,617,016 

35,555,383 
4,265,932 

22,.527,183 
40,933,582 

379,884 
22,988,357 

Town. .... 


1,509,427 

11,337,349 

27,779,223 

7,827,807 

('alifornia. 

Total (United 
States, including 
Hawaii and 

8,577,061 

12,191,672 

16,939,304 

10,612,619 

7,828,146 

Puerto Rico)... . 

424,804,091 

447,786,568 

636,575,216 

683,431,544 

353,524,384 


1 U.S. Treas. Depl., Annual Report of the Commissioner of Internal Revenue, 1943, 1944, 1945, and 


1946. 

» Includes production by redistillalion. 


Raw Materials.—Ethyl alcohol may be produced from any fermenta¬ 
ble sugar by yeasts under suitable conditions. Since starches and certa-in 
other carbohydrates may be hydrolyzed to fermentable sugars by bio¬ 
logical or chemical means, there are available many possible sources of 

sugar. . • 1 

1. Types .—Raw materials may be classified into three principal tjqjes: 

(a) the saccharine materials, such as sugar cane, sugar beets, molas.ses. 

and fruit juices; (6) the starchy materials, which include the cereals 

(corn, malt, barley, oats, rye, wheat, rice, grain, sorghum, and the like), 

potatoes, sweet potatoes, .Jerusalem artichokes (girasol), manioca meal, 

and other substances; and (c) cellulosic materials, such as wood and waste 

sulphite liquor. 
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2 Pn^pal Har MalrriaU ,1^. l nii„l Sut.-< 

«h.vl pr„l„c,i„„ d,.ri„* xL 'Z"1 ‘hi iri'w 


PROCESSES OF MANUFACTURE 


I Tip UM^i 

.ir,..n,i. „„ ,i„. namn. erf d,;;;;'™;:;!.'," '■"'■'■■ ... .. 

o.p«um pH. and an op,i,„„„, u.n4K.m,r^7irr<ln,'rT 

h^rf. aIc.4..Jir tol.r»nrrn.i I . " M “ " 

tbrf-niainti naiireof anm*r larRc* vM'l.is of 

Ethjl Alcohol from MoUssm « r. o T 

miu<h A«Jiu>(o«i tn a^: j ^ ^ ~or4ss .— ] Ju* 

l*r,kUiTv by tlM‘iMl.liti..n ,4 nator an.l tTtboT'' ’ **»»'«»!ration ami ti-rn- 
a m.'aj^irwl quantity of ai-kl a v » *« * •>>' th<* mMition of 

Wnution tank. whiW ^ 

.'^tn'unu. of tin* atliiiKtivl r« i, ' tn ono ,rf ^-ve-rul 

intrf, the fermenter mav U- eatLuo c n 

.n the upp.^ part of the Unk tC «« a UainJ 

mi\r^l a^ |}j^y spatter an<l fall t i iK# t * «r‘<l starter lieeuine well 

-~ tr: 

'"'z itn’L-tp ::;:i;7 rir"“-' 

•« •oxrpwi, ,br .Irabol Md other voloiill' '" “ 

«w otner tolalile conelttuenle from the nw/d, 
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The alcohol is purified by means of rectifying columns and then stored in 
a bonded warehouse or denatured. 


Table 25 . —Ethyl Alcohol Production, by Kinds of Raw Materials Used, 

DURING THE Fiscal Years 1939 TO 1947 ^ 

(Thousands of proof gallons. Source; Bureau of Internal Revenue) 


Raw material 

1939 

1941 

1942 

1943 

1 

1944 

1 

1945 

1946 

1 

1 

1947 

1 

. 

15,540 

17,532 

t 

• 

38.578! 

107,857 

206.253 

281,695 

1 

104.693 

1 

39,742 

\Iolaaaes*... 

135,834 

210.427 

289.396 

159,190 

207.523 

190.201 

87,118 

54,159 

Ethvl sulohate. 

47,964 

69,903 

90,615 

96,739 

113,734 

111,679 

127,508 

133.306 

Unfinished spirits and other 

roHiQ^i Hilt inn nrrifliintjS ..... 

5,098 

81,454 

45,246 

32,920 

23.692 

49.,546 





1,018 

2.837 

4,380 

Pinpunnlc iiiic6. . 

151 

227 

205 

254* 

438 

241 

250 

220 





♦ 

136 

155 

136 

262 

Crude alcohols mixture.| 

(Dellulose pulp and chemical / 
mixtures. J 

Slot 

576 

814 

1,198 

1,632 

224 

1,731 

1,954 

3,772 

2,422 

12,861 

Other mixtures 

Grain, molasses, whey, pine¬ 
apple juice, etc . 

1,218 

180 

97 

1,095 

61,386 

63.791 

1,296 

1,983 

Total alcohol produced* . 

201,018 

298,845 

424,804 

447,787 

63d 9 67 6 
!_ 

683.432 

353.524 

298,881 


* UiBBEN, J. H., Ind. Eng. Chem., 40 (No. 6): 990 (1948). 

* Gross production; includes products used in rcdistillation. 

* Additional amounts useti in combination u-ith other materials included under “other mixtures 
t Cellulose pulp included in “other mixtures.” 


b. The Process in Detail. (1) type of yeast— Certain t>T3es of 
yeasts are desirable, namely, those which are able to produce and tolerate 
high concentrations of alcohol and which possess uniform and stable 
characteristics. Strains of Saccharomyces cerevisiae are commonly used, 
but other yeasts, such as S. anamensis and Schizosaccharomyces pombc, 
may be employed under certain conditions. 

(2) PREPARATION OF STARTER.— Having selected the yeast for the 

fermentation and having isolated it in pure culture, a starter is t^n pre¬ 
pared. A starter of large volume is required to “pitch” (inoculate) the 
main mash, which frequently may have a magnitude of several thousand 
gallons. Using aseptic technique, a tube containing about 10 cc. ot 

sterile wort is inoculated from a pure culture of the yeast, which 
maintained on malt agar media. After incubation for a suitable period 
“at a temperature of 25°C. (77°F.) to 30°C. (86;F.), the optimmn 
for vea.st groirth, the culture in the tube may be used to inoculate a fl^k 

conUinins approximately 200 cc. of sterile mash. 

capacity. Up to this point in the preparation of the starter, the ^^or 





















































close to the fermenters UsLh v'T^ T 

Then this fermenting mush the permitted to incubate. 

floiv by gravity to the ml ma^^re’ Iddltt' olTr' 

culture to the mash constitutes "pitching ’’ 

an itir ’sr”® 

lor irrusl -unre systems (Fi, .t, 

In the Magne apparatus a stark JiU ^ outlined, 

upper d™m of tte appamtus Mash “ ‘he 

culture as required, and one cuituie mav h h"™ ‘hi* pure 

below. 1 ’ consult the reference given 

(3) THE molasses.—“B lackstrap” molasses i^ th. • • , 

industrial alcohol. This materisi i« fU principal source of 

eiy of crystalline svJ fZTii^l r 7!"^ the recov- 

usually contains 48 to 55 per cent of sugars^ 

of the blackstrap molasses used in tL % ’ sucrose. A large part 

although some comes from Puerto Rica imported from Cuba, 

During recent years, much “high-test” mnlnc u i 
ethanol manufacture. This so-called “n. i ^ ,®®.^^®t5eenusedfor 

sugar-cane juice that contains all the origins 1 ° is an evaporated 

of it in an inverted form as a rturof 31 ™‘h* joioe, but most 
usually high m sugar, containing occasionallv a^ "lolasses is 

per cent is usually satisfactoiy al'fhoLrmh “”“”*™‘‘on of 10 to 18 
When the concentration is too’high it reactsT/™'*!"*”''™® 

he alcohol produced may inhibit the action of 

not properly utilized. The use rf ^“me of the sugar is 

uneconomic as it may lead to a loss of vi'iuableT"'"*''r‘^*“" 
thermore a proportionally greater nun ..J ^!®/®™eutmg space. Fur- 

distiUed to produce the same amount of alcoho^l ^ 

of production. alcohol thus adding to the expense 

-d^ T Pe-ent is fre,uentlv 

■ «• P., U.S. Patent 1,212,6.56, Jan. 16, 1917 . 
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24.—Pure yem^t propajrator. 
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THE PHUhl L'TIOS OF / Mu , 

1 rial MA'OHoe by FKHMEM'A TlOX 

tion to approximately 12 pt*r’cent ^ ^ foncentra- 

;n a .ort is usual!, determined h, 

percentage of sugar at 00°F., or 15 ‘‘PP'‘«jmate 

(5) XLTRIKXT SURST \ Vr’i.'<5_ \lfl i i 

.. i>- ";7':r;;','t;Torj-'^ -,irfao,„,,iy „,,e„ 

yeast hut is sufficiently low to inhd it the ' I l ^ "" 

•-teria. The nmnufacturel^^/i;:';!’^ ‘ 

ii>c of a large inoculum to take the place f T ^ 

;‘iid impracticable to sterilize hirire n I '' is costly 

--n mash is inoculat<.d .;:;h; ^^-JinaHl, tlie 

'!> volume, although the starter may renn 

*i-“ volume of the main tnash un."r ee " 

.. i^-ic acid i:r;:::;:^Lr^ 

‘'f y..a.st l.ut inhibits the growth of ti t . ‘i^'velopment 

■■•■q«ira,lforlh<.pr.„lu.-,i„„„f,.|,,„,' '•"Us l.ut i, „„t 

'lu.xKlo ,, ..vulvoil ,„„1 „„a,.TOl,i,. r„,„)|,: * ft^rmuntation, carl,on 

><•'?.. usually 70 ,„ 80=1 .wl^r “ "™Pe.uturo of 00 to 

S-rature. u.rin, frrmenta ,r . ,r""'“' ™ “'-'"“I t™- 

'.«■ of ..«,|i„g eoils or sn "^s ^n ri«s 

'"-■main a suital.le tomporature .r? ™ ‘""k hdps to 

a ". ml cvaimrali's raltior rapiilly ’""rh al.ove gOT 

'«,’ UKOftnnn r„„ Fs^y "“1'"' f"'o.od 

■■umpleto in 50 hr. |,.^, dapc-nding on't'hoT is usually 

"alion. and oiIut fa,.,ors-, ^ "‘■"Peralure, sugar conoen- 

(lOi DlSTlLI \,TI(>\ _ / 

-^rato ,1,0 i, 

• whore i.l h^d unUI 

^ until It can be distilled. 
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During distillation, fractions containing different concentrations of 
alcohol (“wines”) and slops are separated. The fractions containing 
approximately 60 to 90 per cent of ethyl alcohol are known as “high 
wines.” These fractions are concentrated to 95 per cent ethanol by 
further distillation or fractionation. The fractions low in alcohol, the 
“low wines,” are usually redistilled with new lots of “beer.” The slops 
are ordinarily discarded but may be used in a number of ways. Some¬ 
times the slops may be used as a substitute for some of the water in dilut¬ 
ing molasses for a new mash. The solids from slops may be concentrated 
by heat treatment and sold as a fertilizer constituent, for they contain 
potassium and phosphates in addition to other components. The slops 
may be used as a core binder (in foundries) or as an adhesive for artificial 

stone (briquette). 

(11) YIELD. —The common yield from blackstrap molasses amounts 
to approximately 90 per cent of the theoretical, on the basis of the 

fermentable sugars. 

(12) FIX. 4 L TRE.^TMENT.—The 190 pi’oof ethyl alcohol (95 per cent by 

volume) may be further purified, dehydrated, or denatured as prescribed 
by the Bureau of Internal Revenue. Thus it is possible to purchase 95 
per cent ethyl alcohol, with or without denaturant; c.p. (chemically pure) 
ethyl alcohol of 96 per cent concentration; absolute alcohol, • 

(United States Pharmacopoeia); and anhydrous denatured ethyl alcohol 

(water-free alcohol). , , , i i r 

(13) FLOW SHEET.— Schemes for the production of ethyl alcohol from 

potatoes, corn, and molasses are shown on page 128. 

c Rapid Continuous />ro«ss.-Bilford and his associates'- have 

described a laboiatoiy process for producinK ethyl alcohol from molasses 

by rapid continuous fernientation. The chief value of this process lies in 

the fact that considerably less equipment is required than for the con- 

ventional process. , 

The process ivas briefly as follows: A suitable fermentation medium 

containing 10 to 15 g. of reducing sugar per 100 ml. was prepared inocu¬ 
lated with an appropriate concentration of yeast cells, placei ^' 
tation vessel (refer to Fig. 2.5), agitated with carbon dioxide ('.» to 5.4 
liters per min. per liter of medium) or mechanically, and incubated at 

rfnge of Is to 5 by adjustment with ammonia at H-hr. intervals and 

1 nmroaii. H. H., h- K- S'-i" -'. «■ 1'' 

3'S‘i.gi.!''fl"'lb'r 

Hurf*au, Inc., Indianapolisi 1942. 




THE PRODUCTION OF INDUSTRIAL ALCOHOL BY PERM ENT A TION 12J 

determinations were made usually at hourly intervals of the yeast count 
th Ballmg degree and the reducing-sugar content of thTldil 

K + or ^ ^ fermentor at a given rate tvoripW 

the same^rate'”’' ^'■■"''‘''‘ed medium was withdrawn at 


STORAGE FLASK FOR 
SUGAR SOLUTION 

(APPROX. 12.0 G/100 CC.) 


SAMPLE TUBE 


rubber stopper 


LIQUID 

LEVEL 


ALOXITE 

ball 



Fig. 25.- 
Scalf, W 


fermenter 

_1 1 • ' '•J 


E, 


-» U942).] 

Bilford and his collaborators* experimented with n tri 
medium and with three molasses media. The i 
medium was composed of 10 to 12 ner ppnt f i glucose-yeast water 

Mnt yeast water which contained 0 1 per cent^ofTw 7pn 
ment; the second, refined molasses plus rs^mromHTVo 

100 g. of molasses. Additblni?"? " per 

be obtained by reference to Table 26 molasses media may 

^ed^ut r: 7 -e.. 

- O- 1 . An inoculum of this yeast was prep“ ed 

* Bilpord, H. R., r. e. Scalp W H S ^ growing it m an 

34: 1406-1410 (1942). ’ ‘ ' J- Kol.achov, /nd. Eng. 





122 


INDUSTRIAL MICROBIOLOGY 


Table 26.— Rapid Continuous Fermentation of Molasses* 


Hours 

• 

pH 

3 N 

NH,OII, 

ml. 

Degrees 

Balling 

Reducing 
sugar, g./ 
100 ml. 

Yeast, 

million 

cells/ml. 

Throughput 
per cent total 
vol./hr. 



A. Cuban Blackstrap, No Supplement 


0 

4.92 

• • • 

18.0 

12.02 

• • • a 


1 

4.80 

2 

17.3 

10.27 

390) 

Stationary 

2 

4.75 

2.5 

15.4 

8.15 

9 ♦ ♦ ^ 

phase 

3 

4.85 

2 

12.9 

5.60 

... 1 

4 

4.80 

3 

9.8 

2.56 

550 / 


5 

4.70 

3 

8.3 

1.03 


19 

6 

4.80 

3 

8.3 

1.14 

545 

25 

7 

4.70 

3 

8.7 

1.24 

460 

25 

8 

4.80 

2 

9.0 

1.25 

417 

25 

9 

4.68 

• • • 

9.1 

1.31 

515 

25 


B. Refined Molasses + 75 Mg. (NH 4 ) 2 S 04/100 G. 


0 

5.10 

• « • 

18.0 

13.45 

* * * \ 


1 

4.80 

3 

17.1 

9.87 

315 ) 

Stationary 

2 

4.75 

5 

15.4 

4.11 

• • • y 

phase 

3 

4.75 

5 

13.5 

* * * ■ 

4 

4.56 

8 

11.4 


* * * r 


5 

4.80 

5 

9.3 

3.95 

515 

15 

6 

4.80 

5 

7.2 

1.69 

« * * 

15 

7 

4.60 

7 

6.4 

1.12 

580 

20 

8 

4.70 

6 

6.5 


580 

20 

9 

4.80 

5 

6.9 

1.51 

540 

20 

10 

4.83 

5 

7.1 


508 

20 


C, Beet Molasses + 100 Mg. (NIGlaHFO^/lOO G. 


0 

4.50 


18.5 

10.15 

350 V 


1 

4.45 


15.5 

8.81 

400 ) 

Stationary 

2 

4.50 


12.9 

6.10 

• # • / 

phase 

3 

4.45 


10.2 

3.77 


4 

4.35 

2 

7.6 

1.07 

530/ 

15 

5 

4 50 


6.8 

0.53 

• * • 

6 

4.48 


6.8 


• • • 

15 

7 

4.50 


7.2 

0.85 

380 

15 

8 

4.40 

1 

7.4 

0.(i2 


15 

9 

4.52 


7.2 

0.87 

360 

15 

10 

4.50 


7.2 

0.76 

360 

15 

10* 

4.50 


7.2 

0.76 

» • • 

Id 

11* 

4.50 


6.9 

0.76 

375 

15 

12* 

4.50 


7.1 

0 82 

• • • 

_ _ 

15 


* Mocbanical agitation. , . _ «4.iAnA-i^in 

I Biu^onp. H. K.. R. K. Scalf. W. H. Stakk, and P. J. Kolachov. Ind. hnQ. Chem.. 34. 1406 1410 
(1042). 
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aerated medium for 18 hr at ‘^n^P T'r*^ x-. /» 

=xi:sr“Sf?~= 

that l^fore fermentation contained 10 g. Tsuga perfw "mT 

.he processes S made confintr b"”"” '“"f 

tiiroughput rate of 25 per cent Der hm 0 Possible thus to use a 

sugar content varied between 0.1 ami g“™* 

medium and the veast oi^r^n^r. 4 ■. *• ^nh in the fermented 

initial cell count. Refer to Tahle^27 ” remained fairly constant at the 

Table 27.—Hapid 


OF Gluccse-veast W atep 


Hours 


pH 


ml. 


0 

1 

2 

3 

4 

5 
G 

7 

8 
9 

10 


O.30 
4.00 
4.20 
4.80 
4.6.5 
4.70 
4.70 
4 70 
4 80 
4.75 
4 70 


Degrees 

Hailing 


Redueing 
sugar, g./ 
100 ml. 


15 

10 

5 

5 

3 

3 

3 

3 

3 

3 


10.6 

8.1 

4.0 

1.4 

1.4 

1.2 

1.1 

1.0 

1.0 

1.0 

1.0 


Yeast, 

million 

cells/nil. 


10.52 
6.24 
2.39 
0.15 
0.20 
0.25 
0.32 
0.22 
0.37 
0.13 
0.11 


355 



Throughput 

per eent total 

vol./hr. 




__ ! I * oOl 

Nwe. Initial yeast count, apuroz nnn iT / " ----- 

H. R., R sc.„. W. H.t™ “1 ; i'K:T”' r 
*->■ “““ I^olacbov. I„d. Eng. Chem., 34 


8tationar3t 

phase 

25 

25 

25 

25 

25 

25 

25 

25 


1406-1410 


* ^ A X V M ' \ III 

A different strain of 

us«l for the fermentation of thfmohZs^ WTC'C. 4126) was 

metlia were prepaid in a manne”t I- r 1'“; 

that molasses media were used for the morh ““‘'‘“td above, except 

“Edition .o.heammlniJmluTphlrEZ^^ T,?' 

various molasses media are shown in 511^2^ "dth the 

vonipa:aS:t ^hSe continuous process were 

-on. according to Bilford lld Ls co:“““' 
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For further details, refer to the original paper, also to the book 
entitled “Food for Thought,” by Willkie and Kolaehov. 

2. Ethyl Alcohol from Whey.—A successful method for producing 
ethyl alcohol from Avhey has been developed by Browne^ and by Rogosa, 
Browne, and ^Vhittier- of the Division of Dairy Research Laboratories, 
Bureau of Dairy Industry, U.S. Department of Agriculture. 


CLARIFYING TANK 



Flo. 26.—Flow sheet of alcohol production from whey. [Courtesy of M. Rogosa, H. H 
Browne, and E. O. Whittier, Jo\ir. Dairy Science, 30 (No. 4): 263 (1947).] 


The process, in brief, consists of heating the whey to boiling, adjusting 
the pH to 5, separating out the protein by filtration, cooling the clear 
whey to 34°C. (93°F.), adding 1 lb. of Tonda crcmoris per 120 gal. of whey, 
carrying out fermentation at 33 to 34°C. for 48 to 72 hr., separating out 
the yeast, and distilling the alcohol. A flow sheet of this process is shown 

in Fig. 20. 

Since the .sugar of whey is lactose, it was necessary for Rogosa and his 
associates'^ to examine a number of lactose-fermenting yeasts to find one 
that would ferment all of the lactose in a relatively short time. Their 
findings, in respect to whey containing 5 per cent of lactose, are illus- 

* Brownb, H. n., Ind. Eng. Chem., Nnva Ed., 19: 1271 (1941). 

» Rogosa, M., 11. H. Rbownb, and E. O. Whittikk, Jour. Dairy Set., 30 (No. 4). 

263-269 (1947) 























THEPRODVcriON OF j\/jc .- 7 .,., - , ,, 

^A M ,, 7 ^, ,,//o/. 77 , - 7 . 7 , 77 , 77 ,A- 7’, 770A- 12o 

trated in Ficr 27 Tf ^ ■ i . 

most satisfactory yeast exam!Ld^ ^ ^ ' the 

be 2 per cent of”thTwergL” oUh^ ilcdose' p 

fermentation. ‘ictose present in the whey before 




[CoMr- 

4); 263 


0 

0 

'9 26 

2/.-Relative efficiency HOURS ^ 

Roaosa, E. B. 

. LJaxry iSctence, 30 (No. 

anri ^ temperature of 33 to 34°p ■ 

l« of alcohol ('h tenge of 301 ''T' “* ^‘°^- 

S:zS^^<tz:sS:' *'- «" 
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started at 30°C. the temperature eventually reached a level of 33 to 34°C., 
at which level it remained during the most active part of the fermentation. 

Clarification mav be carried out by heating the whey, adtling sour 
whey or acid, and filtering off the protein. The initial pH of the clarified 

whey should lie between 4.8 and 5.2. 

Rogosa, Browne, and Whittier recommend that the pH of the whey 



fermentation time in hours 


[Courtesy of 
263 (1947).1 


1,0 HdiustoJ to a range of 4.7 to 5.0 Fip.ro j 

yCi"u of alothol avo,-aged 90.73 per rent on a laboratory baa... and aa 

low as 84 per cent under semi-plant conditions. 

By-products of this fermentation are the whey j, j 

the latter of which may bo dried after the alcohol has la-en d.st.lUd 

need tor the following basic oouipment for plant operation has 
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I HE PROLUCTIOX OF IXtii’VTD, . 

IU.\ OF I.\ Ul STSIAL ALCOHOL H )• FFH.HFXTA r/0\ 
indii-att^J bv liotrosa qn.l Ki . o 

■■-hanser or ZhcXa .7’ 

l>r„p„rti„,„.r for Imnciliug ari.l or <«„. l.e7 " 7' ’ “ 

frnm-malion vals (formonlers, vraM tnl ; . ! . 

ami tiiior for sujjplviii). sicrilc air I'vea f " '* 

-I- al,.ol,„l, f„,,mio» or 7,„, . ,t; '-k 

ruppii!7i!v ,7 'r7‘‘'!)o7;'r"„T™,‘’''or7« 

I'.II7:. Partmuil of AKriculturo (H])I.\|.|o| 

3. Ethyl Alcohol from Com - v - n 

•M.ur(v of ethyl al(q,la,| in this n,untr^^'' Rrain 

» I r,'ll,ninunj 7'm//wn/</.-—{ 

Pn-ouml, mixml ailh walor ami ml 1 7 " Kemm ia 

Hatini«. tl,e starih. •I'tK.'ma.l, i ^ l>'‘'»»ilro to 

mlditiomj „a,or is a.I.lmi 7f,t i j '""" 'vIkmo 

lo alwut IKI’F (()()”(■ , I, "f <l‘<' nimsl, |,as Inm 

-y.n... <o...ai„mjir7i,l 7alr 

•oni to a h'rniontahlo ^lutar (mqlf ’ » ‘ ^‘^'‘‘'■'‘*1 <>f thf* 

"«■ pr„...i„ ,„„„.Ha,. (Il,.f,.r to the XlprlT rT' "f 

-<iJ l.y attother pr,a.o.l„r.. ,'refer ,! .'ifi' I" 

"ater. if neieasare, natl.al |o'a tern '■''"■''■'"rail,,,, },y ,)„■ a.I.lilion of 
y;a-. ' “ to 8<,«K, and i„o,.„l7,ll 

Flinr Shu t V 

^^^husKxi Ul Fic. 2[l ^ proluction of ethanol from corn 

'-Zpl'.iam"d74!llZ^ f'<™ . nrn is eo„- 

^ oin from foreign tsiors and flavors "Fir'" "'*'1 "" “I 

Hualnv mmileinais, "Mraets, an.i Id^ 

Ethyl Alcohol from Wheat Vlrm 

r;: -d ’Zr «zr i "'*^7 ■■‘''•"'■"i 

w to Jah-, a,.,.,„dins lo fLlo P-'Hod from late 

'‘^‘-».'a,h.diydr..e-„an,.71.1u7 f„'‘"; ''''"'af «vll 

xlieat , "'"'Tver. iliedLsliller, „„e "f 

^ often did not have the l,.s, faei||,7 ';'P'''''‘-'"'''d in tl,e of 

"• < ■■ J. i, v„ t..,,,, ' 7 f- pr«-easin„ ,, fo, 

• r.^ff < h,,>, 39:934 < 1947 . 
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MICHOHlOUHiY 


POTATOES 

IrtiWBUSHELSl 
'757.600 L8S 



COOKER 

ITO.OQOGALS 

capacity 


water 

79,912 

GALLONS 


in.585 

GALLONS 

^ r 


COMVERTER 

ns.OOOGALS 

CAPACITY 


ISS,060 

GALLONS 


BARLEY HALT 

(DRY) 
672&USHELS 
28000 LBS. 


CARBON 
DIOXIDE* 

48.000165- 


POTATO-PEEL 

EXTRACTOR 


' 

IsOLi 

1 

1 

FERMENTER 

250.000 GALS 

1 

1 

CAPACITY 


224,330 

gallons 


1 


SCREEN 


SOLIDS 


beer still 

10,000 GALS 
INPUT 
PER HOUR 

MINIMUM 


EVAPORATORS 

10,000 gals 

INPUT 
PER HOUR 
MINIMUM 



224,330 GALS. 
OF SLOP 


16.666 gals. 
60% alcohol 


i 


REFINING 
COLUMN 
p006ALS.rN 
PER HOUR 
MINIMUM 


IO.S26 GALS. 
96% alcohol 



i 


3.000 LBS 

Per hour 

CAPACITY 


ANHYDROUS 

column 

500 GALS. 

INPUT 
PER HOUR 
minimum 


T 


MLT E R ■ ALCO not- 8EN701 


E CORN 
720 BUSHELS! 
206320 LBS 


WATER 

74,400 

GALLONS 


WATER 

39,350 

GALLONS 


GRINDING 


OEGER' 

MINATION 


BARLEY MALT 

(ORvl 

830 BUSHELS 
28.230 LBS. 


208S20 
OR 

, 196,620 

_ 

COOKER 
120000CALS 
CAPACITY 


IF USED 

CORN OIL 

AJIOOLBS 

p'ress cake 

7.500 LBS. 


I 

109.000 

GALLONS 



i 



WATER 

57,000 

GALLONS 


CONVERTER 

175.000 GALS. 
CAPACITY 



1 

156 060 
GALLONS 

1 1 ^ 



'i 1 ^ 

YEAST 

11,250 

GALLONS 


FERMENTER 
250.000 GALS 
CAPACITY 


CARBON 
DIOXIDE* 

46,000 LBS. 


224.330 

GALLONS 


SOLIDS 


SCREEN 


BEER STILL 

10^000 6ALS. 

INPUT 
PER HOUR 
MINIMUM 



(EVAPORAI 
taOOOGALS. 
INPI/T 
PERHOIA 
MINIMUM 


16.668 GALS 
«0%ALCOHOL 


ALCOHOL 


1 


224330 GALS.OF 
«^SLOP 


FUSEL OIL' 

100 GALS. 



WATER 


BENZOL 


BENZOL 
1.000 gals, 
capacity 

-EZ^ 


REFINING 

COLUMN 
1000GALS.: 
PER HOUR 
MINIMUM 


10.526 gals. 
9S% ALCOHOL 


i 


DRIER 

3,000 LBS. 
PER HOUR 
CAPACITY 


»HITCT*ALC0M£>L-BEN20L 


ANHYDROUS 
COLUMN 
500 CALS 
INPUT 

PER hour 
minimum 

1 


IdRY RESIDUE] 

STOCK FEED 


55,570 LBS 


anhydrous 

|DRT RESIDUE 

ALCOHOL 

BTOCK FEED 

0.000 GALS. 

t^.9W LBS- 


lNHYDROUS 
ALCOHOL 
IOJKOGALS 


» RECOVERABLE AS SOUO CARBON CHOXlDE 


44,000 LBS 
r GERMINATION 
ts PRAQICED 

alternate 

method 

foroqrmhxl 

RECOvBrr; 
EXTRAaiON 
AFTER 

ewporatton 

A>fi> 

iCEN TRirjGiifc 

CORN OIL 

4.000 LBS 




WATER 

100.000 

GALLONS! 


ill 


CARBON 
DIOXIDE* 
46^00 LiS 


FERMEMTERI 
ISO.OOO 
CAPACITY 


136.250 

GALLOffi 


BEER STILL 

10,000 GALS. 

INPUT 
PER HOUR 
MINIMUM 

n 


FusaoiLj 

40 GALS. 


16.666 GALS. 

60% alcohol 
1 


ALCOHOL 

refining 

COLUMN 

Ai WATER 

AOO&KSIWVI 

J-%BEM20L 

PER HOUR 
MINIMUM 

BENZOL 


1 


EVAPORATION. 

DESTRUCTIVE 

DISTILLATION, 

AND 


ia526 GALS. 
9S%AtCOMOt 



anhydrous 

COLUMN 
ISOOGALS IMPLl 
PER HOUR 
m:nimum 


«4iTER-ALCOHOL- BENZOL 



CARBON 
nvATEC, 
:r.ocOLBS 



POTASH 

•iOOOLBS 

(KjO) 


anhydrous 

COLUMN 

10.000 GALS. 


K.o, 29,-Conv,„.io..,l alcohol proc«». "b. 

used are based merely on the unferinentable p Veu-t^n. Indu^rioi 

of the ra«- materials. (('ourt.<n/ of P. Burke Jacubs ar^ ug Zj* ' 

Farm Products Research Du>\sion, Bureau of Chemvstry arid Sod . 

Pli/i- 327. December, 1938.) 

































































































































































































TH E PROD UCriON OF IN n t, .r. 

IMWSIRIm^ alcohol in-FNiaiENTATION 


.— 120 

lecovering the bv-Droduptc t ? 4.1 

foaming during fermentation when considerable 

A Wheat-Alcohol Researc r " Jogh 

Production Board early in WoHd War n H 
mcumhent upon the utilization of wheat dliJ" V 7i 

niary of conferences and collaborif,\l ‘ I""" 

laboratory in .March, 1944.1 ' losearch was published by the 

Stai’k, Ivolacliov an^l 

wheat for alcol.ol pmiiuetion Therr'" '1“’''' "" 

Winter (It„,i Wi„,er aoheC types'lf : I:!""'* 'I'- " K«l 

production; that Durum and Hard H,.,! Sn,t T “'‘■"I'''' 

suitable because of tlieir lower starch c . i' ** " K‘''«'rallv not 

wheat iras inteimodiate belww'n ii, 'iwHVinler 


'*at iras inteianediate betw™ L ™'™'"’‘‘"l''iial 
observed that pressure-cooking I,t 'iL T"!’", "‘ They 

nieth«ls or atmospheric mashing at Ios’f iv 'I' ™"'''""'"''-Process 

1 lie continuous uressnifwr i-’ r' cie satisfactory. 

Soft Red Winter wlieat (Red wi'mer ^o'lows: 

manner that 65 per cent remained above^t T*' " 

'heat was mixed with water and the preii “'‘T"- 

coorj"a-' s"k t,:r 

pheric mashing process at i55»F w'alr,22 T”'''™' 

110 F. and the wheat, grounil as ,ll . P f'' '"‘ I heated to 

mixture was heated to 15,5°F in 45 m' '"''' f? '™s addwl. The 

to 148“F.) and the converlra " i ’ ™"'orsion temperature 
rain^was permitted for conversion ' ''' P*-r'od of 30 

1 he problem of foaming mav usn„ Ih -1 

Jlue to lack of aLquato^SitfoTin iTe T14^' " '''ar 

'"C:,-““".-i;: 

3 Xfrr 4 ^ ‘ ^^OLACHov, and IT P U' 

^ 1943. 36:133 (I 943 ) 

'Boruff, C. S Ind Pf'search Lahoraforv \IC «)' n 

■’ i 39: (J 02 (1947^ • ’fJul.v, 1946). 


130 


INDUSTRIAL MICROBIOLOGY 


varieties has been studied by Jump, Zarow, and Stark J The dehydrated 
potatoes were in the form of sticks about to in. in diameter and 
up to in. in length. The potatoes, ground or unground, were pre¬ 
pared for fermentation by mixing with stillage and/or water, by cooking, 
and by saccharification with barley malt. The mash bill u.sed in the 
first fei-mentations was usually 89 per cent dehydrated sweet potatoes and 
11 per cent barley malt. Previous to cooking (at 35 gal. of water and 
stillage per 5()-lb. bushel of potatoes), the water and stillage, in a ratio of 
2:1, were heated to 120°F. The potatoes, grovmd or unground, were then 
added together with 1 per cent of the malt for premalting purposes. 

Atmospheric cooking at a pll of 5.3 was accomplished during the 
raising of temperature of the mash to 20G°F. in 1 hr., the holding of the 
temperature between 20G and 202°F. for 1.5 hr., and cooling to 145 F. in 5 
min. Pressure-cooking, when used, was accomplished in a similar 
manner, except that the mash was held at 20G to 202°F. for 0.5 hr. instead 
of 1.5 hr. and then was autoclaved for 1 hr. at 22 lb. of steam pressure. 

Saccharification was initiated at 145°F. Tn the first fennentations 
half of the malt w^as added and the mash was held for 10 min. at 145°F. 
Then the remainder of the malt was added and the mash was cooled to the 
setting temperature. In an alternate method, all of the malt, except that 
used for premalting, was added and the mash was maintained at 145 F. 

for GO min. 

The stillage used Avas of two kinds: wheat-milo and sweet potato. 
During the first fermentations, sufficient stillage was added after the 
saccharification process to bring the concentration of stillage m the mash 

to 38 p(!r cent. 

A concentration of 45 gal. of mash per bushel of gram was useii m 

setting the fennentors. i. < i 

Table 28 shows alcohol yields from ground and unground tlehydrafeil 

sweet potatoes. c ■ 

Jump, Ztxrow, and Stark^ concluded as follows as a result of tlieir 

studies: 

The L-4-5 variety was hotter than the Puerto Rico variety for alcohol produc¬ 
tion. Grinding was not necessary l)efore cooking, although it increasef vie ( s 
slightly. Best yields of alcohol were obtained when the linal mash containe. 
:i3..3 per cent by volume of a wheat-milo stillage. Yields were r istinc > oAver 
with sweet potato stillage or with no stillage. There were no significant ditTe.- 
enccs in alcohol yiehls from mashes cooked by atmospheric or pressure methods 

In a plant run, yiehls of 4.77 pn.of gallons of alcohol per bushel were jt.une.l I'RI. 
Puerto Rico sweet potatoes, and 5.44 proof 

variety. (Y.oking ami conversion (sa.a-harification) of dehyil-ated svAcet potatoes 

1 JuMC, .1. A., A. I. Z.Miow. and W. H. Stark, hM. Eng. Chem., 36:1138 (1U44). 

* Ibid. 
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Ry fermentation j3i 


malt for coovemion and 
Tanoa .S.-,..o„oo V.m,o 



Potato 


Orind 


Balling 


L-4-5 (shredded) 


Ungroiind 

Coarse 

Fine 


Sugar, 

gV 

100 ml. 


Alcohol yield, 
proof gai./Im. 


Puerto Kico (shredded).. | Unground 

Coarse 
Fine 


Puerto Rieo. 


Pnground 

C’oarse 

Fine 


0.6 

0.6 

0.6 

1.7 
1.9 

1.8 

1.2 


Wet 


Dr3’ 



0.72 

0.80 

0.80 

0.78 

0.96 

0.85 

0.76 

0.76 

0.75 


Plant ef 
ficiencv 
per cent 


6.06 
6.16 
6.16 

5.76 
5.70 
5.76 

5.76 

5.88 

5.89 




6.50 
6 . 6 ] 
6.61 

6.27 

6.32 
6.27 

6.33 

6.47 

6.48 


92.5 
94.1 
94.1 

86.6 
87.3 
86.7 

87.3 

89.2 

89.3 


ehoke, or girasol {Heliajithus tuberosus) Jerusalem arti- 

plantthat has been studied in recent veak as ^°^f^orth America, is a 

and /or industrial alcohol. Although this i f® 

scale in some parts of Europe it is not an ^ cultivated on a large 

‘‘states at present, except in a fetv localities.'™^ 

“hich is reX™.«lrot-S tTletXt" (C.H..O,),, 

'•ariebes of the Jerusalerarti hor^.To ' '-estigating 20 

a' all three places for thrL ;;a7sLTo coTo" 

b. Sugar Content —Tho 1 Pe^' acre. 

varied in different seasons” A“sTx''year 

■ Bosa-rre. V K C E S “ ^ 

A. Scnora, C..5. DepL A^., TecR fl."'", 4 ,'m "' " 
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varieties of Jei’usalem artichokes investigated above showed 13.33 per 
cent levulose and 1G.38 per cent total sugars. 

c. Storage. —If an alcohol plant is to be operated continuously a 
constant supply of the raw material must be available. The fresh 
Jerusalem artichoke tuber cannot be stored satisfactorily. However, 
certain methods for storing the product have been worked out. Mc- 
Glumphy and his associates^ showed that the thinly sliced tuber could be 
satisfactorily desiccated and stored without sugar loss. 

Both the dried and fresh tuber chips may be extracted by water in 
diffusion batteries, but such extracts deteriorate rapidly owing to micro¬ 
organisms. If the extract, Avhich contains the soluble sugars, is evapo¬ 
rated under reduced pressure to a total solid content of greater than 70 
per cent, it becomes immune to decomposition by bacteria and yeasts. 
By storing the concentrated sirup under an atmosphere of carbon dioxide, 
mold growth is also prevented.^ 

The carbohydrates of the extract were stable at pH values between 

4.8 and 9.0 at temperatures as high as 110°C.- 

d. Fermentation. —For fermentation, the sirup is diluted to yield 
approximately 12 per cent reducing sugars after hydrolysis, sterilized, 
cooled, and inoculated with yeast. Saccharomyces cerensiac, S. anamen- 
sis, and especially *8. pomhe have been used with satisfactory results by 

Underkofler and his associates. ^ 

It is not necessary to make a preliminary hydrolysis of the sirup or to 


add additional nutrient substances. 

e. Culture of Yeast. —When the yeast was continuously evdtured 

on unhvtlrolyzed sirup from artichokes, its abilitj' to produce ethanol 
was increased.- 

/. Yields. —Yields of 90 per cent or more were obtained under the 
foregoing conditions. 

7. Ethyl Alcohol from Sulphite Liquor.—Sulphite liquor is produced as 

a waste product in the manufacture of pulp from wood. 

a. Pulping Process.— Spruce, hemlock, or some other kind of wood is 

cut into small chips that are subsequently digested with calcium bisul¬ 
phite, using heat and pressure. The sulphite licpior reaches a tempera¬ 
ture of 130 to 140°C’. toward the end of the process. In some processes 
the temperature may rise even higher, with the result that .some of the 
sugar in the Hquor is destroyed. The cellulo.se pulp obtained by this 

method is u.sed for the manufacture of paper. 


« McCIlumphy, J. H., J . W. Eichinokr, R. M. Hixon, and J. H. Buch.^na.n, 

/7k/. Chem.f 23: 1202 (1931). i i-. t r rf Fnn Chem 

» T’xdsrkoflkr, L. a., W. K. McPherson, an.l K. I. Fulmer, Ind. Eng. Chem., 


29: 1160 tins?). 
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I.SUI .SI dial alcohol bveermexta TIOX V.ili 

b. Compo.'iitiun of Suluhitf J inu^r- .1 

there is proiluccti 8 to It) tons of snini i'**!' ‘ >o'i of pulp, 

to to 12 [XT cent of tot-il solids ft' ^ Kiuor. which contjtiiis from 

ohtaine.1 from Sw^fi h''^ ^ of oeilniose 

proteins, 15 kg.; resin and “.u - ., , f ’ 311 kg; 

liimin, 2.So kg.; and calcium o.vide conll.hied fonU.ined witl. 

102 kg. (onibined with Jigno.^ulphonic acid, 

Ihe carbohydrates consisted in i 

mannose, 8.1 per cent galactose and 20KlucOsse, lo.ti per cent 

ix'iitosans (arabinose). ’ ‘ nonfernientable 

fenn™:^;""''"'’ sugars am usuallv 

.vca.st it is nectessan-remmTor "'i '""'’ulated with 

acid, and formic acid lliat are present Thrn 'ir '‘ 1 "'’’’'“'' '*'o’ii<lti. acetic 

toaccomplisli tliis are (I) steam-sirionitie f ™,®“'’“'oniy<‘mployed 
lime or caicinm carlion'ite'^ 0 "^ neutralization with 

d. /Wartm,, _ ,T ' neutralization. 

!"-'kh::: 

of ethyl alcohol from^sulphiie^wasle'r’’""'’”' Pnaluclion 

K^ute :l„ shows a How di‘a';:r ITL 

-n^;~ge:,“^ 'niuor from the digesters is 

l^rforated hottoins or plates of suainle • "'0 ’ .'"'“.'’'n"' Pits that liave 
dramtsl off and stored in a tank at a " ' ““'P'n'n liquor is 

'he top of-r^htmuri trdr„r1 pumpeii 

Philo, while steam introduced a^The hm^ P'rfP-'ed 

iip'iartls removes siilpliur dioxide ■ n I 'he column and floiving 

sulpliiir dioxide .saved is reuseil. -Fhe hoj^dohd'"T The 

"'nriMte tank. Ihnvsage of Ilte Z „ ^ fl"''s "v gravity t„ a 

'J'mperature to 30'f. and concentrates ilT^^l 

"nrrr- of lime is added to adjust thTpH to 4 r ' 

qilor as a source of nitrogen. ^ '-ca is added to the 

* f SON* K W /a r . 

’Kmrs^ov V n I r." • ^1936). 


steam 
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Fig. 30. —Generalized flow diagram. [Courtesy of E. 0. Ericsson, Chem. Eng. Progress (Trans. Sect.), 43 (No, 4): 165 (1947).) 































































































THEPRODUCTIOX OF IXhVUThlM. ALCOHOL HY I KtiMESTA THIS 13.5 
™MENTAT,OK._The co„,liti„„o,l s„lpl,ile liquor is p„nrpe,l into the 

first of a senes of seven ,nterc„nne,.te,l fern.entation tanks. Yeas fr«. ! 
p.ev,ou.s cveie ,s m.xed with the .sulphite liquor as it flows to the feleX. 

tinur,;:™.’^ "jiort'rir:::':: 3o"c°' 

amount of yeast is returned to the first fennente J,;; reL 

a st™ge' iT™L'n~t 'tTu'' rT" rr"" "> 

l«0 proof or higher, puriliri'r.'i'tteho'S’ ' 

ULLD. The yield is 22 gal. of aleohol per ton of pulp 
of alcohoTpIrly'"’’’’-''^’'''^ P'“"‘ «■“« *“'■ (or more) 

alcohol fermentation is separate! ftom ,he [ 0101 “: ,^’ 

means of centrifugal separators This veasl is o t ■ ^''1 
usually no appreciable loss of fermental'ion'ahilite " ''h 

^vhere large quan^ ^ fermentation of sulphite liquor 

fermentations ^ 'api,! and efficient 

.vielt S ifre ^Trr'" 

and to add necessary nuteenU. ™'r»tam es 

cmmp'irLeOTanhmTLinv'tlirthT^^^^^ inhibiting material.s. For 
augar solutions could be "“I- 

NarS, sulphite waste liqt; Xr t£om; “i"‘’ 

- decreased b;'lte;iisa\t.T2: "/‘“""'"d 

>«”c. with the solution ^ aho.dd be for ,5 to .30 min. at 

Partieuiarly benehTi:, :!'’'’t^''! '''V'-- -as 

fulfural was present. ^ gieater than 0.1 per cent of 

Leonard and Hajny' found the following method of tre f 

--.-fiX’ii::;- ’L-, ,Ve. « its, f,., a.,. .t,r.. 
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fermenting wood sugars to be successful: The acid hydrolyzate was 
neutralized at room temperature to a pi I of 5.0 + 0.2 wit h a slurry of 
calcium carbonate. The product was filtered and 0.03 per cent by weight 
of sulphur dioxide as NaoSOs, Na 2 H 205 , or similar reducing agent, was 
added. The mixture was heated for 15 min. at 135 to 140°C'. in a bomb, 
drawn, and cooled to 30°C. The pH of the medium was adjusted to 5.8 
with sodium hydroxide. Nutrients, 0.02 per cent urea and 0.006 per cent 
NaH 2 P 04 by weight, were added and the medium was inoculated with 2 
per cent by volume of fresh j'east (iS'. cerevisiae No. 49 of the University of 
Wisconsin collection) and agitated. The fermentation was usually 
complete in less than 20 hr. when the initial sugar concentration, as 
glucose, was 5 to 7 g. per 100 nd. 

Harris and associates^ studied the fermentation of Douglas fir hydro- 
lyzates. They observed that the fermentation time was 5 to 6 hr. when 
the inoculum was 2 per cent by dry weight of S. cerevisiae (No. 49 Uni¬ 
versity of Wisconsin) and 24 hr. when the inoculum was 0.5 per cent by 
dry weight. The yeast from an 18- to 20-hr. fermentation was used to 
inoculate a fresh lot of medium containing 5 per cent sugar. At the end 


of this fermentation the yeast was separated out and used to inoculate a 
new batch. This sequence was followed 59 times without loss in alcohol 
yield anti without contamination with bacteria and other yeasts or molds. 
It was possible to increase the rate of fermentation but not the yield of 
alcohol from wood sugars by the addition of 0.025 per cent Louisiana 
second-crop molasses. They ol)tained yields of 39.2 to 40 per cent based 
on total sugar and 47.0 to 47.9 per cent based on fermented sugar. In 
terms of a 5 per cent sugar solution, a yield of 2.()4 gal. of 95 per cent 
alcohol per 100 gal. of hydrolyzate was obtained. From 1 ton of dry 
bark-free wood, 64.5 gal. of alcohol were pi-oduced. 

Two-bushel-per-Day Continuous Alcohol Unit.—Altsheler and his 
associates^ have designed a continuous-process unit capable of producing 
5 gal. of 190-proof alcohol in 24 hr. from 2 bu. of grain. A flow diagram of 
the process employed is shown in Fig. 31. The process is as follows: 

Uorn is transported from a bin by a screw-conveyor to a Rtiymond 
hammer mill where it is ground in such a manner that substantially all of 
it passes through a 20-mesh screen. The meal is blown by (he mill to a 
cyclone separator from which it falls to a slurry ves.scl made of l\iex 
glass. It is mixed with enough water to provide a ratio of about 23 gal. 


1 Uakkis, K. E., (J. J. Hajny, M. Hanna.n, and S. Hoiaats, Mimco. .\o. R 1618. 

US Df'pl. of Agriculture, P'orcst Rrodiicts Lab., Juno, 

' * Ai/rBHi-.LKR, W. B., II. W. E. It. t'. Bucwn, W. H. Stark. nn<l L. 

Smith, Chem. Rug. Progress, Trans. Sect., 43 (\o. 9): -167 (l'.)47). 
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ppr bu. Sufficient sulphuric acid is added tr. ... i 

tration of 1.25 per cent. produce a weight concen- 

Ihe mash is forced to a cooker tube wbinh i - • • i- 

made of copper, by a piston Dumn ^ ‘^'ameter and 

in. heats it almost'instantly to340»F Tr >» II,. pen sn,. 

foi-m of a helix with coolina wL,- n /i ' ^ '' the 

first of two fermenters. ^ outside), and discharged to the 
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Table 29.—Average Annual Production of Certain Agricultural By-product.s 

FOR 1931-1935' 


By-product 

Grain 

per 

bushel, 

pounds 

bj’^- 
product 
per 
pound 
of grain, 
poiinds 

Dry by¬ 
product 
per 

bushel 
of grain, 
tons 

Average 

production 

of drv bv- 
% ^ 

product, 

1,000 tons 

Estimated 
quantity 
of dry by¬ 
product 
available 
for indus¬ 
trial use, 
1,000 tons 

■ 1 

Wheat straw. 

1 

60 

1.9 

0.057 

38,794 

29,000 

Rve straw. 

56 

2.5 

0.070 

2,378 

1,800 

Oat straw. 

32 

1.3 

0.0208 

20,156 

0 

Barley straw. 

48 

1.2 

0.0283 

5,965 

4,474 

Flax straw. 

56 

4.0 

0.112 

1,128 

1,128 

Rice straw. 

45 

1.2 

0.027 

1,089 

820 

o+T*QTirc 

A 

• • • • 


69,510 

37,222 

Corncobs. 

W V 

56 

0.22 

0.00616 

12,408 

1,400 

Oat hulls. 

32 

0.30 

0.0048 

4,651 

150 

Rice hulls. 

45 

0.20 

0.0045 

182 

182 



• • • • 


1,165* 

583 


• • 

« « • • 


183t 

92 



A A A A 


18,589 

2,407 

Corn stover. 

m # 

56 

▼ • ^ ^ 

1.2 

0.0336 

63,681 

28,500 

Cotton stems and pods. 

# • 

• • • • 


17,544t 

12,281 

Bagasse fiber, cont inc'ntal United 

C2X n 4‘r\ct . . 

M A 

• • • • 


423 § 

423 

Bagasse fiber, insular United 
States . 

« • 

• « • • 


3,27611 

3,276 

Total other by-products. 

• • 

• • « ■ 


84,924 

44,480 

Grand total. 

• • 

• • • * 


173,023 

84,109 


• Senate Document 65,76th Congrese, 

ment of Agriculture Uclative to Four Regional Reaearch Luboralones. One m Each Major 

ducing Area,” Washington, D.C., 1939. 

♦ Reported production, but not Umitod to crop years speoieed. 

t One-third of in-the-hull production. 

: Calculated: 2:1 used as ratio of stems and pods to combined seed and Imt. 

It Cone nrndiiction X0.125 for Louisiana and Florida. 

li Cane producUou X0.126 for Hawaii; X0.12 for Puerto Rico and Philippine Islands. 

maintained at 88 to 90°F. in the primary fermeutor by means of water 

circulating through coiLs. The pH is 4.4 to 4.(). t,.,l in the 

Alcoliol is stripped from the beer by 20 perlorated plates located m 
lower section of the still and rectilied by 20 bubble-cap p ales m Hie upper 
section of the still. The alcohol vapors from the top ot the column 
to a condenser, which is cooled by water. 
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VI referral to the original publication bv 

Wilier anti his eoworkors.'^ i>% 

Cost of Producing Ethyl Alcohol.-Tho cost of protlut iog othvi aloohol 
vsnoos n.»- motor, si, varies von-i.iersbly a.,,1 is ,l,.,..rmi,„;i .„o,o „ 
^J,y tvorld cood,t,ons. rm.sloy' l,„s dis..„ss.d this sul.jo,, i,. 

CeUjdosic W.stes.-Ei.,.h year millions of Ions of cellulose-eonlaininK 

.m presented est,mates coneeming the prodnetion of variot.s bv-pr^ltt's 
shtrh nu.y la. tenmd agneultural wastes or residues. These lata an^’ 


i Mit.g 30— Avkra«;k Viri.D> ok 99..5 I*rR Tf.: 


Vl^OIfOL TFU T<»\* 



mJI varw'li*^) 

Tom 

Burkwbrat . 

Gnun 


K.1 0 
SI 0 
S3,4 


Vains. 
Sugar Im*< t.i 


■ . M.4 

— rghum. -o I I I 

Kicr. rx,u,h . L . ^ jJ*TUsfilom artielH.kf 

.iV .5 I 

.i 79.2 

.: 79 0 

' - • .. 7S. 8 


HarW> 

clr>* 

Rmp 

F'T'UiTTi, #lry 
Mi 


• • a 


• « 


^ I 72 0 

».l»rW«r»p.; -0 4 

JN^nihijin ran^ t , 

(JW- . '" ^ 

r . .. «« 0 

.! 09 0 

■ »«*t p.a«u,s. . 


ini^applt^ 

Sugar cant*. 

CirajH'j (all varirtiua) 

^ • * • • • • 

Applt.#. 

Aprirut*. 

I’fars. 

iVat'bfHg.. 

PIuiiw (lufnpnines). 

(’amttji 


27 3 
22 9 
22 1 
21 0 
20 0 

1.1 6 
1.V2 

10.1 
n 4 
13 6 
n 5 

5 

10 g 

9.8 


11 o 



jr>»W IrMi • •hrirt leagt ^ | 




V r..S. IW„.b«, IMH. 


■ I*. B, H p j, 

'•tw :) ppret^Teth**!*^* Materuils.—The pr«»bable average vieJ.J 

Table .31 ^uppln^ i„Von! '' ^ubl'e .3(1. 

.icoiif/r.. 

^▼eminent Supenrision.—The Durmwp tJ t' 
w to prevent the ill«r.l r PUrpw of (.ovemment Hupervi.sif,n 

•l-M be ua^j beverC pL,^ ZTT ' ■"'r''' 

r»«p purpo«*>.. the tax from auch alcohol would Ije 


loA 


'Tot» 


. R n. r A, 


E»f . 62 '\o lOi: 120 fOrtob^r. lfM.> 
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Government supervision is carried out by Government officers who 
are stationed at all the manufac uring plants, the bonded warehouses, 
and the denaturing plants, none of which can be operated without 
permit from the Treasury Department. The officers keep records of the 
raw materials used, of the yields of ethyl alcohol, of the transfers of 
alcohol to the bonded warehouse, of transfers of alcohol from the bonded 
warehouse to the denaturing plant, and of the final disposal of the 


Table 31.—Averaoe Yiei.,d* of 99.o Per Cent Alcohol per .Vcre^ 


Material 

Gallons 

Material 

Gallons 

Sugar cane (Hawaii, 18 to 22 


Pineapples. 

78.0 

months). 

889.0 

Rice, roup’ll 

65 6 

Sugar beets. 

287.0 

Pears. 

49 3 

Sugar cane (Louisiana). 

268.0 

Bariev. 

47 9 

Jerusalem artichokes. 

180.0 

Molasses, blackstran. 

45 0 

Potatfjes. 

178.0 

Anricots. 

41 0 

Sweet potatoes. 

141.0 

Oats.... 

36 3 

Apples. 

140.0 

Grain sonxhiim 

35 5 

r •••••••••••••• ••••••••• 

Dates, dry. 

126.0 

Buckwheat.... . 

34 2 

Carrots. 

121.0 

WTieat (all varieties). 

33 0 

Raisins. 

101.7 

Fics. fresh. 

31 5 

Yams. 

94.0 

Fip.s. rlrv. 

29.5 

Grapes (all varieties). 

90.4 

Sortrhiim cane . 

26.4 

Corn. 

88.8 

Rye. 

23.8 

Peaches. 

84.0 

Plums (nonnrunes). 

21.8 

Prunes, dry. 

82.8 




* Probable yield calculated from the average fermentable content and based on present over-all aver¬ 
age acre yield in the United States. 

< Jacobs, P. B., and H. P. Newton, U.8. Depi. Agr., Miac, Pub. 327, December, 1038. 


alcohol. The keys to the bonded warehouse are held by the Govern¬ 
ment officers. (For further details, consult Regulations 3, U.S. Depart¬ 
ment of the Treasury.) 

Tax-paid Alcohol.—Ta.x-paid pure ethyl alcohol may be purchased 
without pei-mit or bond for manufacturing purposes. State regulations 
must be complied with, however. 

Tax-free Alcohol.—Alcohol “ . . . may be withdrawn under regula¬ 
tions from any industrial plant or bonded warehouse ta.\ free by the 
United States or any governmental agency thereof, or by the several 
States and Territories, or any municipal subdivision thereof, or by the 
District of Columbia, or for the use of any scientific university or college 
of learning, any laboratorj^ for u.se exclusively in scientific research, or for 

use in any hospital or sanitarium. 

* U.S. Dupt. of Ihu Treasury, Mon'au of IiKlu.strial Alcohol, Regulations 3, 11*31. 
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excepted, mLt feltgovernmental agencies 

prescribed in Sections 3100-3124 of the^Interfe''l 4 ‘^ 

Denatured Alcohol.— Alcohol fr. Revenue Code. 

by bonded denaturing plants “ 4 industries is denatured 

unfit fo. use as an intolirin^'r:™* ^*^'7 Tf 

completely denatured or specially den^tn .1 ^ alcohol may be 

alcohol is one tha^hts LTttLdt t ^^^"-^ured 

by the addition of the substances snecified^ • beverage purposes 

vided by the Bureau of Intel i f P^o- 

alcohols may be used as antifreeze agenttfr f denatured 

powders, and for many other numn^ . ts for alcohol lamps, in insect 

manufacturers or the general public wiB f ^^^°bol is available to 

a bond and, if sold aL usedf - Pennit or filing 

not subject to the internal revenue tax. ^ regulations, is 

unfit for use as a bel^grby thelddhfe rendered 

but which is adapted for use in a hirn-p f substances, 

or arts, ilethyj alcohol (CH 3 OH) hen 7”^“' industries 

vinegar (containing not ,ess"C’ per e VS.P.), 

are some of the denaturants which may be 7 a 71’ ” 

render ,t specially denatured = sl 7 7 *‘*'5'’ alcohol to 

possessed and used only pursuant'to n 7 ’'- 7 ‘‘" 77 ®‘' “ “"o'd- 

'rise provided.”r ^ ond bond, except as other- 

"ine gallons* of eom^rtely 7rn7tared7lc7'7’ ‘7''’' 36,395,715 

Table .32 shoivs ^ ^ the fiscal year I 947 

pusei oitz:,z :zTZ z. ^-hor ■ 

spirit, is a mixture off!vf '' ^he crude dis- 

smaller quantities of isobutyl and^l alcohols, principally; with 

aci s, esters, and aldehydes The fXT alcohols and traces of 

alcohol, 68.76 4 ce7t i o7”ufyl 7 b7 '“““‘-‘■o” of potaC 

- cent4nd rcid’s es^X 3444 VoT 
lus D ^™ral, 0.04 per cent. The 

3 ; .93f ’■"““vy, Barca Uo.e.^e, Appendix Rega. 

„ 3 ;^-o.s, P, B., ^ ^ 
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(‘imposition and th(' (luantity of fus<'l oil fornn^i \arie>. houovcr. acconi 
mu to tho raw materials used and the natnre of the fernaaitalion. Kor 
('\ample, 1 ^al. of fti.s<d oil may 1«‘ obtained for each l.tMlO ^al. of (*than(»l 
in the fermentation of molass(*s,* hut larger (juantiiie< may Ik‘ ohtainc^l 
from potatoes and eorn. 

Fusel oil is used principally as a lac‘*pHT s<»lvent. It i> usually not 
r('iined or s(*parated into its components. 

A further discussion of some of the constituiaits of fii.^s^l oil will lx* 
found in the following; chapter. 
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CHAPTER V 


Some Early Researches_T ih 

mechanism of the ethyl alcohol Lmentotion"‘ the 

«-.th the initial and end products Wa l f ’ T '’“'<*™ed only 

earned out quantitative Studies on thi! e " in 1789, 

ethyl alcohol and carbon dioxide another besides 

name "acetic acid.’’ From 95 9 n„rt r to which he gave the 

ethyl alcohol, 33.3 per cent CO, andTs^-r f. ' P" “"t 

fermentation, although his rellts wet ilrrtt"""™"® 

Gay-Lussac investieafpH rw 

opened up by Lavoisier. He ?omuttt'T!f r“" '''^'’^ch 

fermentation: chemical reaction of the ethanol 

+ 2CO. 

From 4' < 

«f carbon dioxide 23 parts of alcohol and 22 parts 

«/p: 

relatio substances He of succinic 

Buchnttn I'sT "•- -rr™'' '^^ht 

the “ (hit to htr *™*"« 
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Hexose Phosphates.—Harden and Young' (1905) discovered the 
importance of phosphates in cell-free fermentation. They have demon¬ 
strated that inorganic phosphates disappear during the first part of the 
fermentation, -while organic phosphates, i.e., esters of hexose, are pro¬ 
duced. They have described hexosediphosphate and proposed the 
following fundamental ecpiation for fermentation by yeast extract: 

2C6H10O6 + 2PO1HR2 = 2C2II6OH -t- 2CO2 - 1 - r 6 Hio 04 (P 04 K 2)2 -I- 2 H ..0 


Hexosediphosphate is an important intermediate in the schemes of 
Embden, IMeyerhof, and others for the breakdown of carbohydrates. 
This compound contains two phosphate, or phosphoric acid, molecules 
attached, one each, to the first and sixth carbon atoms of the hexose, 
which appears to be fructose. The same hexosediphosphate is obtained 

from glucose, fructose, or mannose. 

At least two hexosemonophosphates, which have different properties, 
have been prepared: the Robison ester (glucopyranose-6-phosphoric 
ester), and the Neuberg ester (fructofuranose-O-phosphoric ester). YTien 
these esters are hydrolyzed, they yield glucose and fructose, respectively. 

Hexosemonophosphates have been synthesized by Levene and 
Raymond, Smythe, and others. A trehalosemonophosphate has been 
isolated by Robison and ISforgan from a fermentation brought about by 

dried yeast. ^ 

Hexose phosphates are fermented at different rates. The diphosphate 

is fermented more slowly than glucose, while hexosemonophosphate is 
usually fermented more rapidly than the diphosphate, at a rate compar¬ 
able witli glucose in the initial stage only. _ 

The addition of hexose phosphates to cell-free yeast extract^ contain¬ 
ing glucose removes or greatly shortens the period of induction (the pause 
before fermentation starts). Without phosphates, no fermentation take 

The addition of phosphates to a medium does not affect the rate of 
fermentation by living yeasts. -ft the 

reailcr is referred to llarden'smonogriipli, “.\lcoholic Fermentation, and 

to tlie liitiliography tliat follows this chapter^ Information 

Methods of Studying the Mechanism " ™ ,,e 

concerning the mechanism of the ethyl alcohol fermentation maj 


1 lour Phmiol 32 (Proc., Nov. 12, 1904), 1905. 

»Gortnku, R.’a., “Outlines of Biochemistry,” 24 od., John \\iley 

MmuAKUS. L., Ind. Eng. Chem., 27; 1037 (1935). 


& Sons, Inc., 
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gained by studying the related rnechansim nf i ,■ • , 

muscle extracts; by the use of cell-free veast formation by 

methods, selective poisons, and dialvsis • and b "IT "" 

1. BelaHd Mechanum of Lactic Aczd For r f 
Any productive advance in the studv of th Extracts.— 

the mechanism of the ethyl of 

researches of Embden on muscle evtr3 ’.-f' The 

research on the former may do for the latterthe impetus that 

Z^r p'- 

I'ving MI, sin,.e ad,led hevose d 1 nil '"‘W" ‘he 

slowly or not at all, and since the : ?fermented extremely 

hvmg cell is impossible in many cases“but? from the 

lion concerning the intermediary remoio^ comparatively little informa- 

"'"two'" com^'™’’'"'’^'’'’ “‘'■“‘■‘e ”?u*d '™‘' 

method (alreX”m'^SedUnTt'lmUher f"'“'n ’’"'‘'"er 

extract may be required. The ex ract each time as an 

"■eight of dried yeast with 3 parts rf wal*^ ’’“r'' ‘ Port by 

‘0 use an e.xtraet that is free from ImL cS^ important 

,*':euberg. I„ ajs methL a Tu phitr‘s''°t ““ccess by 

dimedon (dimethyl cyclohexane-dionens "ed tofi ' m"™ “'■■ 

t IS formed. The fi.xation Drodnc i. ^ ‘ “eetaldehyde as 

fore accumulates in the medium fermented by yeast and there- 

-t in the producfion Tgtcerd lyT “ude of ,h™ 

Iphites IS very important. ^ ^ ermentation, where the role of 

‘his product is f^entbiei^'*® Product with sulphites, 

^^lective Poi^tnn^ r* x • 

do not tate place 

'll’ "Jd,:-f“= «. 1129 (1911). “ 

Piny. .Vew v„,t, ,53^ e"»l Metabolism,» 2 d ed., Imngmans, Green 4 Com- 
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monoiodoacetic acid, sodium fluoride, and t)ther substances. 'I'lie 
poisons affect specific enzyme systems. 

Wlien monoiodoacetic acid is added to a cell-free extract containing 
hexosedipliosphate, a mixture of triose phosphates forms as usual, which 
contains dihydroxyacetone phosphate and glyceraltlehyde phosphate, 
but the reaction, in which triose phosphate is oxidized to phosphoglyceric 
acid wdth the simultaneous reduction of acetaldehyde to ethyl alcohol, 
does not take place, owing to a poisoning of the enzyme system. Mono¬ 
iodoacetic acid does not, however, retard the decomposition of phospho¬ 
glyceric acid. 

Sodium fluoride, on the other hand, prevents phosphoglyceric acid 
from being broken down to pyruvic and phosphoric acids, but it does not 
prevent triose phosphate from being converted to phosplioglyceric and 
glycerophosphoric acids. Accordingly, phosphoglyceric acid accumulates 
in the medium. 

5. Dialysis .—By means of dialysis, important con.stituents of yeast 
extract may be separated and studied. 

The adenylic acid system and magnesium may be removed from yea.st 
extract by dialysis. It is thus possible to study the reactions in which a 
gain or loss of phosphates is concerned. 

Proteins, separated from coenzyme systems by dialysis, may be 
fractionated in the ways common to biochemistry. 

6. Other Means .—There are other ways in which the interme<liary 

reactions of fermentation may be studied. 


Ivluy^'er, \'an der Lek, and others have demonstrated the value of 
studying the quantitative relationships of the intermediate and end 
products in fomiulating a scheme for the mechanism of fermentation. 

Lohmann has obtained helpful information by determining the time 
required for normal hj'drochloric acid to split off the phosphates from 
phosphorylated compounds. 

Important information has been securetl by studying the fermenta- 
bility and fermentation rates of substances assumed to be intermediates. 

A study of the formation and utilization of hexosemonophosphate has 
been made possible through the use of selected dyes. Xaphthosul- 
phonate indophenol, brilliant alizarin blue or rosindulin GG inhibit the 
fermentation of glucose or of hexosemonophosphate but not of hexase- 
diphosphate by yeast extract under aerobic conditions.^ ^Tien hexose- 
diphosphate is added to yeast extract containing glucose and one of these 
dyes, the hexosediphosphate is fermented. Contrarx' to expectations, 
the quantity of inorganic phosphate does not increase with the fermenta- 


^ Michaei.is, 


L.. and C. V. Smtthe. .Tour. 


Biol. Ckem.. 113: 717 (1936;. 
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• The reaction majMje expressed as follows- 

C.H,.0,(P0.M,), + 2M.HPO. + 4ROH 4RPO.M, + 2CH.CH=OH + 2CO. + 

2 H 2 O* 

ap Jat 

mannose monophosphates ‘ a mixture of glucose, fructose, and 

stantrrred~m, ^.rt ”a““ 

normal reactions. Furthermore thp ' frequently does, alter the 

not appear as an en7modlt dt that does 

substance is an intermedkte in the m indicate that this 

established by careful trest^"" ”■ 

aioohd fe^e'nfalTVsXa'rUy o^tT'i 'Tth’'^ “-a 

intermediate and is fermented^t « r f ^he fact that pyruvic acid is an 
fact that a triose can be isolated is\s Sr ^® the 

broken down to 2 molecultS ; triose 1 ° H O f" " 

glyoxal or an active form of this comnn ^!! methyl- 

aldehyde, is converted to py^^^^ Methylglyoxal, a ketonic 
intermediate product is reduced Pvi ^ oifdat.on, whUe another 
acetaldehyde and carbon dioxide under th"' '* 0 *^ decomposed to 
carboxylase. Acef-aldehyde, in an ^ ^ *>>« ensyme, 

Aohol, while methylglyoxal is being oxwLdT; *‘''5'' 

trated as follows: scheme thus outlined may be illus- 


^>rHEME I 


C.H,20. -> (2C3HeO,) —^ 2CH 


O 


Lc^ 


H 


Meth..gl,o.a. 


\ 
Jyoxal 

i + o 


2 CHj*CH 20 H <_! 

- 2CH..C^ + ^ ^ 2CH.C^C00H 

‘""“'•'S'' 

2^2 (1937)'.''"'“’ ’ '■ l't°"''>cc8-CloNsxcEz, and c. V. Smvths e „ 

: t™'- '■ '■ ■ fUce.., t.3: 0.9 (.937, 

Stephen.son, loc. C 7 t. ^ (1937). 
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Table 33. —Some Important Intermediate and Knd Proditt.s ok the Kthyl 

Alcohol Fermentation 

I. Intermediate Products 


HO 


CH,0(P0,Hj) CH^OH 
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Hoiii 

nioii 
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COOH 
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COOH 

1 
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1 

CHOH 

CHOH 
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1 
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o-Glycerol 3-Phoepho- 

phos'phat« glyceric acid 

CH 2 OH 

2-Pho6pho^ 
glyceric acid 

COOH 

1 

COOH 

1 

CH, 

1 


C=0 or 

1 

COH 

c=o 

CHO 

in, 

Psrruvic acid 

iH2 

Pyruvic acid 
(enol form) 

CHO CH, 

Methylgij'oxal Acetaldehyde 



II. Eiid Products 



A, 

Derived from Sugar 

CH, 

1 


CH 2 OH 

1 


CH 2 OH 

CO 2 

CHOH 

1 

COOH 

1 

CH, 

.A.cetic acid 

Ethyl 

alcohol 

Carbon 

dioxide 

CH,OH 

Glycerol 


COOH 


I 

h 


'0(P0,H,) 


H, 

Phoepho- 
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CH, 


CHCHjOH 


B. Not Derived from Sugar 

CH2COOH 

in,COOH 


CH,CH, 

d-Amyl alcohol 


buccuiic acid 


CH 



CHCHj CH 2 OH 



/ 
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and of The ^ compound, believed to be unstable 

acetaldehyde. The unstable C H^O ^ ^ ^ together with 

to ethanol. (A “■'* -“-ed in pant 

Scheme II 
2C8Hi20j 


2C,H,0 


-2H 



2CH3-CO-C 




0 


\ 


+0 


H 


isCjHeO, 

--•|+2H, 

2C,H803 

Giycerol 


2CH8COCOOH 


0 

2CH,-C^ +2C0, 

\ H 

^H,C00H ^CHsCHjOH 

E^anol- 

(Neuberg-8 - third for« - of fermentation) 

Acetaldehyde ma°y ^faeTby Xwte^rfod't h‘’“ld 

0.x,d,zed. The aldehyde thus Hxed mav b! “! ■''’<'“<='1 or 

t.on medium and estimated. It is evfdent thT ™ fermenta- 

has become fixed is no longer available as a hvd ^^^taldehyde that 

Me may, then, be replaced in part by C H o°®™ “n 
C .H.Oj ,s reduced to glyceroi in proporLn to th’ “ “ acceptor. 

" -'-'"oraSdCe“jd; 

SpHEHnr ttt ‘ 


C 8 H 12 O 6 


CsHeOs 

X^iHtOa 



±Hlj-^ CaHgO, 
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i 

H 


CH,.C 


+ C02 

(Neuberg-e..3eeo„dl^-^„,rrme„tatio„) 
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The normal fermentation, according to Neuberg, proceeds chiefly as 
shown in the first scheme, but some glycerol and acetic acid occur and 
hence the second scheme is realized in part. 


Kluw^er^s Scheme for the Alcoholic Fermentation of (ilucose^ 

I. Initial f'hosphorylation 

CHO 


CHOH 

inoH 


6 inoH A- HR2PO4 

inoH 

-in 
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H 2 OH 

d>Glucosc 


HOH 

inoH 

inoH 

injOPOaRj 
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phosphate 


CHOH 
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+H 2 O 6 


HOH 
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in 
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Robison^s 

ester 


II. Oxidoreduction of Hexosemonophosphate 
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III. Hydrolysis of Triosephosphate 
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Hexoeediphoaphate of 
Harden and Young 


• Klottbr. a. J.. DU bakterieUen Zuokervergttrungen, 


Broeb. Snij/fn/onch., 


4 : 230-273 ( 1985 ). 
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or C;i.itxMiK.i— 


CH/)H 


C-HOH 
“ i OH 


-H/i 


. ' 

<^-OH 




CH^H 


/ 


OH 


C'H, 

—ix>H 

I I OH 

<U'^ 



H. CH, 



H 


t 

H 


CH, 

j OH 
\ 

H 



<^--0 + c*H, 

OH t 

/ CHO ■ 
OH 


H 


CH, 



+rH, 

f 

tH,OH 



H- 


<!'«0 -CH. +C'0. 

COOH CHO 








Ji|>k«ph.l> hr .Vf«rt «li»cu in »,i,r I'*/ 'f"”™'*'■>■” «f llf«a«>v 

'* ■ •« fnroroulj, hue m.y , '* '«“■«• 

tmuninU, ^ “ '’wnW M ibe . 

<1- Z” t' 

P^*l^«** Uti«Tmirtl in the hnin^v.^ ^ i ***^**" '/7,^ 

nt 




IXDCSrRlAL MICROBIOLOGY 


\TA 

hydrogen to a hydrogen aecei)lt)r and is eliangetl to pyruvic aci«l. A«-et- 
aldehyde acts as the hydrogen acceptor idler it is once forin«*<l. U-ing 
reduced to ellianol, while pyruvic at'iil is l>eing prcKliKHnl. Pyruvic acid 
is dec^arhoxylaled to acetaldehyde and carbon dioxide. The acetalde¬ 
hyde reacts with more inethylglyoxal hydrate and the pro<luction of 
pyruvic acid, ethanol, acetaldehyde, an<l carbon dioxide ctmtinues. 

Kluvver* belit'ves that the catalytic agents n*spon>ible for the 
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I 4 2// _ T tcmrioreduc+ascj 
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i 


0.—j 


hexosediphospho^ ^ 
+ 

j odenyltc ocid 

2 pyruvic acid + adenosinetripho^phote 


1 


w 

t 




5 


d« hydro* yocetonephosc^o^ 

4 


~2 trioseoho«>hate 


r 

3 ■ gtyoe ro' d e h vdeohosphote 


odenylic ocid- 

"r 

ZffgO + [2 phosphopyruvic acid 


2 3*phoGphoglyccnc acid 




2 2-phosphoglyceric acid 


Fio. 32.—^lifhemc for fermentation. 

important changes in his scheme for the fermentation of glucose are an 

oxidoreductase and a phosphatase. 

Scheme Based on the Researches of Meyerhof and Others.- In 

Fig. 32 a scheme for the interme«liate reactions occurring in the ethyl 
alcohol fermentation is shown. 

The first step, in the series of reactions, is a phosphorylation of the 
sugar (glucose, fructose, or mannose) in which a phosphoiylating coen- 
zx-me. kno%\-n as the adenylic system, and obtainable m a yea.'^i dialyzate. 
function. = This .system, or coenzxTue. consists of adenxdic acid (adenfj- 

rinemonophosphateh adenosinediphosphate and adenosinetnphosp^te. 

The first two of these compounds have the ability to pick up ph^phate. 

while the third, adenosinetriphosphate. donates phosphate The or- 

mulas for two important members of the adenylic system foUow. 
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■eferred to A. J. Kiu\-^f^r 
Ijoodon Prete, Ltd., 1931 
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HC i—N 
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OH OH 
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OH OH OH 
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4 
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hexasemonophospha7e'’ippearing''firet Uhe fthe 

further phosphorylation "^Once the fe’r T ' ''““®‘*'P''»sphute upon 

acid stage, the phosphate giveroff bToirrh ^"*^^ 

avadable for phosphorylating additional hexo* 
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:hoh 
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'—COH 
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■fructose diphosphate 


CH 2 OH 

Ao 
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, + inoH 

CH^OCPOjH*) i 


H20(P0,H2) 
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^Olyceraldehydj^ 
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During the initial stages of fermentation (the induction periodj, 
before any acetaldehyde is produced, 2 molecules of triosephosphate 
dismutate to form 1 molecule of 3-phosphoglyceric acid and 1 molecule 
of a-glycerophosphate, this being an oxidation-reduction reaction in 
which cozymase (coenzyme T) is active: 


CHjOH 

io 

iH,0(PO,H,) 

Dihydroxy- 

acetone 

phosphate 


CHO 

- 1 - inoH 

injOCPOsHi) 

3-Glyceralde- 
hyde phosphate 


CH 2 OH 

-t-HiO inoH 

(coxy- I 

CHjO(PO,H2) 

a-Glycer>- 

phosphate 


COOH 

-I- inoH 

(^HsOCPOaH,) 

3-Pho8pho- 

glyceric 

acid 


a-Glycerophosphate is hydrolyzed to glycerol and phosphoric acid: 


CH 2 OH CH 2 OH 

inoH +H,o inoH -1- h,po« 

iH20(P0,H2) ^HiOH 

o-Glycero- Glycerol Phosphoric 

phosphate acid 


The preceding reaction accounts for the small amount of glja-erol 
that is produced in the normal ethyl alcohol fermentation. 

3-Phosphoglyceric acid proceeds, through a series of reversible enzyme 
reactions, to break down through 2-phosphoglyceric acid to phospho- 

pyruvic acid: 


COOH COOH COOH 

inOH iH0(P03H2) ;=^ (!'0(P0,H2) + H 2 O 

iH20(P0aH2) AhjOh I!:h2 

3-Pho8phoglyceric 2-Pho8phoglycenc Phosphopyru- 
acid acid vie acid 


The addition of sodium fluoride to a yeast extract containing either 
3-phosphoglyceric acid or 2-phosphoglyceric acid prevents the formation 
of phosphopyruvic acid, for the enzyme (enolase) is poisoned. 

Phosphopyruvic acid is dephosphorylated by adenylic acid to form 
pyruvic acid,^ the adenylic acid taking up phosphate to become adeno- 

sinetriphosphate. 


COOH 

2(!:0(P0,H2) + Adenylic acid 

iH2 


Pho8phoj»yruvio 

acid 


COOH 

+ 2 H 2 O I . u . 

_* 2COH + Adenosinetnphosphate 

U . 

Pyruvic acid 
(enol form) 

ifoOH 

2<!’0 

(*'H» 

Pyruvic acid 

(Adenylic system reaction) 
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H>«.«phopyruvic and + Hexo^e IVruvic arid -U H 

+ JlfXtx-^-nionophwfdwtr 

.. ^ .: 

-..ion,.,. 

.l-en™.'.:: “IrWl'::,':" ..n.l .-arLon ,li„xi,lo l.y 


COOH 

C’arbox>U»» 

(S-H. 
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C'HO + CO, 

Ar«tal,i,^ f'arbon 
uyde dioxide 
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<o .J-plu>,ph(iKly, eric arid, wliiJe rozvma^* I ^ P**o«Phate), oxidizing it 

thiH .v^en that c<>zym!L.<e arts in fh.* . mlur(*tl aRain. It is 

<hw i»\idation-re.lurti<,n. Thi.< rearibn^ ^ **>'^Jrogen carrier in 

‘‘tationar.-phH.se of fermentation. 

(X>OH 

j'HOH 4 -CHO-,J„o„ 

pJ>u.pUo hy^ I 

ll»e pho„phi>Klyrerir acid thus former! i- t i 
"•no- of r««.,io„, ,0 ! .hrough (he 

The cycle continue, in (hie manner ,o t^e end Zhe 

Types of Reactions.-Meverhof* rJ^ ! ^ f™«*ntation. 

’pns m the foregoing scheme for the int'^I^rr r" 

«J‘'ohoJ fermentation, 'fhese include the n> of the ethvl 


The A ~' reaction. 

^ adenyhc system, the mechani.- 



of which has alreafiy 
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explained, is concerned in the phosphorylation-depliosphorylation 
reactions. 

Oxidoreductases and cozymasc (coenzynie I) are responsible for the 
conversion of the triose phosphates to a-glycerophosphoric acid and 
3-phosphoglyceric acid during the induction period and for the oxidation 
of triosephosphate (glyceraldehyde phosphate) with the simultaneous 
reduction of acetaldehyde during the stationary period of fermentation. 

Nicotinic acid amide' is the hydrogen-carrying group of cozATnase. 
The function of cozymase in tran.sporting hyilrogen may be illustrated 
by the following ecjuation in which R represents the ribose phosphoric 
acid group of cozymase (see structural formula on p. 41) and Ri repre¬ 
sents the adenosinemonophosphate group: 


CH 

/ % 

HC' CONHj + H, 

in 
o- 


H 


h 


CH 

% 

HC CONH, 


hA 


"n 


('■H, 



J. 


O—H+ 


i'll 

Cozymaae 


R 


Ri 

Reduced cnzymase 
(Dihydrocozymase) 


The principal reversible reactions include the reaction betv^n 
hexosediphosphate and 2 molecules of triosephosphate; the reaction 
between dihydroxy acetone phosphate and glyceraldehyde phosphate; 
and the reactions between 3-phosphoglyceric acid, 2-phosphoglyceric 

acid, and phosphopyruvic acid. 

A summary of the reversible reactions appears in the following scheme 
of ISIeyerhof.' The relation of each intermediate or end product to its 

immediate predecessor is indicated. 


Glucose (Fructose, etc.) 

iHaPOn 

Glucose-6-phosphoric aci- 


Fructose-6-DhosDhoric acid 


e“0“pliosp 

! + 1H,P04 
Fructose (-1-6-) phosphoric acid 



Dihvdroxyacetone phosphate 
— Hi1 l+Ha 
o-Glycerolphosphoric acid 

Glycerol + H1PO4 


i 

3 -Glvceraldehyde phosphate 

i +^0 

3-Phosphoglyceric acid 
2-Phosphoglyceric acid 
Phosphopyru\dc acid + HiO 
Pyru\*ic acid -hH»P04 
Acetaldehyde + CO* 

Ethyl alcohol 


1 Thid, 
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ca of rr‘ 

Hexokinase converts fermentable be + alcohol feimentation. 

hexase catalyzes the 1 ”ak ,o™ oTT r 7 

Phat.. OxidoreductaseTrnmLe, I";” S ^ 

veo- important role in the oxidation-reductioi reactiZ m “ 

Sion of phosphopvnivic acid to a u conver- 

by enola*, tvhile'carboxylase breaks do™ pvrfffc “d totrm Md"" 
hyde and carbon dioxide. ^ ™ acetalde- 

these enzymes. ^ action of some of 


{Intact yeast cell: 


Table 34.—Alcoholic Fermentation* 


-Von-dialyzable enzymes and roaetions catalyzed 


1 . 

2 . 

3. 

4. 

5. 

6 . 


Glucose + ATP —»glucose-6-P + ADP* 
C.lucose-6-P friictose-6-P 

+ ATP ^ fn.otoscI- 6 -dlP 

+ ADP* 

ddehXt~ + glycer. 

Dihydroxyacetone-P glyceraldehvde-P 
3-glyceraldehyde-P + KHoPO, + Pvr — i a 

glyceric acid-P + HoPyr.^ • • — ^ 


Dialyzahle components 


A ^ needed for reaction 

~ •'^‘^^nosinetriphosphate 
ADP = Adenosinediphosphate 


7 . 

8 . 

9. 

10 . 

11 . 

12 . 


3 -glyceric acid-P 


1-3-glyceric acid-P -)- ADP - 
+ .\TP* 

^glyceric acid-P - 2-glyceric acid-P* 

-g >oenc acid-P pyruvic acid-P + H.,o *2 

P>^nmc acid-P 4- ADP ^• , 

\TP* * P.'mvic acid -(- 

F>ruv ic acid -|- DPT —> acetaldchvde -j- CO 
Acetaldehyde + H.Pyr. = alcohol + Pyr. 


Pyr. - P.vridine-nucleotide 

HjPyr. = Reduced pyridine- 

nucleotide 

KHjPOi = Inorganic phosphate 


dpt - Diphoisphothiamin 


En*.vm« obuined in crystalline folm! ‘ ChemiEtE. May 26-27, 1942. 

.'he of 

■mportant discoveries were made dL^ 'he 

"^iate .actions concerned in the formit^rt^: aefd ^'mC: 
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extract and were subseciuently established for the ethyl alcohol 
fermentation. 

Parnas, Lutwak-Mann, and Mann have demonstrated the impor¬ 
tance of adenylic ax*id and adenosinetriphosphate as dephosphorylating 
and phosphorylating agents, respectively. 

Hexosediphosphate has been isolated repeatedly and is readily fer¬ 
mented bv yeast and muscle extracts. 

Hexosediphosphate enters into equilibrium with the 2 molecules of 
triosephosphate (Meyerhof and Lohmann, 1934): dihydro.xyacetone 
phosphate, synthesized by Kiessling, and 3-glyceraldehyde phosphate, 
synthesized by H. O. L. Fischer (1932). These two triosephosphates 
have been isolated from mu.scle extract and subsequently from yeast 
extract fermentations of glucose or of hexosediphosphate with the aid of 
monoiodoacetic acid. They are readily fermented by yeast extract and 
together form an equilibrium in which dihydroxyacetone phosphate pre¬ 
dominates. ^^llether one starts with a mixture of synthetic or natural 
triosephosphates or with hexosediphosphate a reversible reaction quickly 
occurs between hexosediphosphate and the triosephosphates in the 

presence of yeast extract. 

Important information concerning the 3-carbon intermediates has 
been obtained by the use of sodium fluoride and monoiodoacetic acid. 
Embden (1933), using a muscle extract poisoned with sodium fluoride, 
showed that phosphoglyceric acid was an intermediate compound. He 
showed that in the absence of fluoride, phosphoglyceric acid was con¬ 
verted to pyruvic and phosphoric acid through enz^nnic action. Nilsson 
isolated phosphoglyceric acid from a fermentation by yeast extract. 

Meyerhof and Kiessling showed that there were two phosphoglyceric 
acids: 3-phosphoglyceric acid and 2-phosphoglyceric acid. These acids 
have been isolateti from muscle extract and synthesized by Kiessling. 

They differ in structure, solubilities, and optical rotations. 

Phosphopyruvic acid was isolated bj* K. Lohmann as a crj^stalline 

salt. It has been sAUithesized by Kiessling. 

Pyruvic acid has been isolated as an intermediate and is readily fer¬ 
mented bv living yeasts or yeast extracts. It is converted to acetalde¬ 
hyde and carbon dioxide by the enzvmie carboxylase, discovered by 

Nsubcrg. 

Acetaldehyde has been demonstrated by fixation with sulphites 

and dimedon. . , ., , ♦ 

The Origin of Amyl and Isoamyl Alcohols.— Ehrlich^ has shovm that 

amyl and isoamyl alcohols are derived from the amino acids, namely, 

> H.A.RDEN, A., “AlcohoUc Fermentation,” 4tb ed., Longmans, Green & Company, 
New York, 1932. 
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isoleucine and leucine, respectively. These acids are obtained from the 
yeas, “‘•y originate from 


CH 


\ 


CH 


CHCH(XH2)C00H + HoO 


\ 


CHrCH 


Isoleucine 


CH 


\ 


('HCH,CH(NH2).C00H + HnO 


CH 


CHCH 2 OH + CO 2 + NH 

CHyCK/ 

rf-Amyl alcohol 

CH, 

\ 

CHCH2CH2OH + CO2 + NH2 


Leucine 


CH 




Isoamyl alcohol 


ma/t “tmtrhy 

-fahle sugar and a m^earXl .tytf 

a:‘rai— 

ateirhyTeTettTeuf" “ ta-di- 

si. .:“5d";‘r,L-r.“ r.Krr“ i, “■• t 

on the nutritive condition of the yeasf anf on nth 

ammonium salts cause a diminution m +h ^ factors. Certain 

ammonia being derived from the salts ratler "ir 

Leucine and isoleucine are not mn ammo acids, 

alcohols by living yeast cells in tho , ff^eir corresponding 

are they converted by j^east juice or °. ^ ^®™ontable sugar, nor 

treating yeast with alcohol and ether product prepared by 

Alcohols are prodmpd T !u’ «ther). 

manner by yeasts. Such prXc^ts Ire^Mfev'd'T ^ 

~trbiti: t'rat 

"> arise from gfutlm°c°acid**du'^r£7^°”’'~^““^ Relieved 

0909) after e.vperimentation with severaramin'"' 

a.ar.,e acid 
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the only amino acid added to the fermentation medium that produced a 
well-defined increase in the quantity of succinic acid. 

The probable course of its formation from glutamic acid is as followsd 


HOOC-CH 2 CH 2 CH(XIl 2 ) rOOH (Glutamic acid) 

\ ^2^** (Oxidative deamination) 

Nils + HOOC CHa-CIIa CO C'dOn (a-KetoKlutaric add) 

1 (Decarboxylation) 

CO 2 + HOOC-CH 2 *CH 2 *OHO (Succinic semialdehyde) 

I (Oxidation) 

HOOC CHa-CHa-COOII (Succinic acid) 

In the absence of added nitrogen-containing substances, succinic acid 
may be produced from the glutamic acid derived from the autolysis of 

the protein of yeast. 

Succinic acid is not formed by yeast in the absence of sugar nor is 
it produced by yeast juice or zymin. 
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the action of lactic acid bacteria. Salts are always found and usually 
traces of oil. The finished beer contains 85 to 92 per cent of water by 
volume. Thus a beer is not a simjile beverage but one that is capable 
of wide variation in composition unless the conditions of brewing are 
very carefully reg\ilated. 

Table 35 gives the analyses of several types of beer. 


Tabi.e 35.— Analyse.s of So.me Malt Beverages' 



Variety 


Schenk. 

Lager . 

Export beer. . . . 

Bock. 

Weiss bier. 

Porter. 

Ale. 


0-3 


205 

258 

109 

84 

26 

40 

38 


S> 

K ^ 

O. u 


1.0114 

1.0162 

1.0176 

1.0213 

1.0137 

1.0191 

1.0141 


0 / 

s) 

£5 


91 

90 
89 

87 

91 

88 
89 


c 

o 




11 

08 

01 

87 

63 

49 

42 


0 

0 

0 

0 

0 

0 

0 


^ t£ 


197 3 
196^3 
209 4 
234 4 


a 


K 


E3 31 ;£ = 



gS 


S ^ ' C K 
3 £: .X-C 


2 * 


36 5.34,0 
93 5.79 0 
40 6.38 0 
G9!7.21'0 


C. 9 


297 

215 

201 


2 

4 

4 


73 

70 

75 


5.34 0 
6.59!o 
5.65 0 


74 0 
71 0 
74 1 
73 1 
58'1 
65'2 
61 1 


95 3 
88:3 
20 3 
813 
6212 
62I3 

07 1 


11 0 
73 0 
47 0 
97 0 
42 0 
08 0 
81 0 


Cr 


< 


a-— 

s-= 




1560.12 |0.204;0 
15l[0.16o'0.228'0 
161 0.1.54 0.247 0 


165 0.176:0.263 
392'0.092 0.149 

0.363 
0.31 



0 

0 

0 

0 


055 

077 

074 

089 

034 

093 

08r> 


I Reprinted by permission, from “Food Inspection and Analysis.” 4th ed. by Leach and Wintoii. 
published by John Wiley & Sons, Inc.. New York, 


Extent of Manufacture.—Some idea of the magnitude of the industry 
may be gained by noting the following table, which gives the malt 
beverage production for the six leading states in the United States for 
the Government fiscal years 1936 and 1946. For each state, the number 

of breweries operated is also indicated. 

During the fiscal year 1946, Missouri, New .Jersey, and California, in 

the order named, followed the lead of the first five states listed in Table 36 
and produced more than Michigan. 


Table 36.— Malt-beverage Prouvctiox, Fiscal Year-s 1936 and 1946' 



State 


New York. 

Pennsylvania. 

Wisconsin. 

Illinois. 

Ohio. 

Michigan. 

Total, United States 


Production in barrels* Breweries opf^rated 


1936 


1946 


8,598,081 13,464.043 
6.010.171 9.558,788 
5.736.534 9,054,093 
3.578,180 5.968.439 
3.432.921 5,917.205 
3.249.355 ' 4.1 26.082 

51,812.062 ' 84.977,700 



1946 


732* 


t U,8. Treas. Dept.. Annuat Report of the Commissioner of Iniernai Revenue 

* The standard beer barrel holds 31 gal. 

• Number operated during any part of the year. 


1936 and 1946 


44 

63 

61 

39 

39 

24 


471 
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American Brewing Practice. —Beer produced in tiie I idled States is 
distinctive for two principal reasons. Fir.st, the American jiublic prefers 
a sparkling clear, light, and very pale beer—one that will remain brilliant 
when verv cold or warm. Second, owing to the differences in the com- 
position and properties of our malts and cereals, departure from European 
procedures has become necessary. 

The Brewing Process. —The essential steps in the manufacture of 
beer include the preparation of malt, mashing, boiling the wort with 
hops, fermentation, and finishing operations. Malt is prepared by soak¬ 
ing selected barley in water, permitting it to germinate and dr>-ing it 
under carefully regulated conditions. Malting is sometimes carried on 
as a separate industry, but it is so closely associated with the brewing 
industry' tliat it may be regarded as an essential part of the whole brewing 
process. In mashing, ground malt is mixed with heated water and 
prepared malt adjuncts are usually added. The enz\Tnes lilierated by 
tlie nndt digest the starches, proteins, and some of the other substances 
present in the mash. The soluble products are di.ssolved in the water of 
the mash and form the sweet wort. The mash is filteretl, and the 
resultant clear wort is boiled with hops, strained, cooled, and pitche<l 
(inoculated) vdth selected yeast. A fermentation ensues, which is 
carried out at a low temperature. For lager beer the temperature 
is slightly lower than for ale. Following this fermentation, the beer is 
stored to mature or age. During the finishing operations, the beer is 

carbonated, cooled, racked, and pasteurized. 

Although the principles employed in the production of beer and ale 

are essentially similar there are minor differences that are carefully regu¬ 
lated A different treatment of malt is required both as to the length of 
the gei-minating period and the kilning of the malt; a higher temperature 
of fermentation is used, and a different type of yeast. Beer yeasts are 
so-called “bottom” yeasts, since the fennentation proceeds vigorously 
in the depths of the tanks and there is a great deposition of cells, while 
ale is fermented bv “top” yeasts that produce great masses of cells in 
the foam that forms abundantly at the surface. Beer contains arger 
amounts of unfermented carbohydrates, especially dextnns, vhile ale 
^°a higher percentage of alcohol. This is in part due to the ot^e 
complete conversion of the starch to fermentable sugar in the malt u^ed. 

Malt—The preparation of malt is described m Chap. 111. 

Malt Adjuncts.-In some countries, beer is prepared from malt, hop.^ 
and water only, but in the United States malt adjuncts are employed in 

ott 4 .0 the ^ac,,.ha. the harleys ^ 
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pean countries. A hiah nitmo-or, ^ ^ ■ 

tends to produce a satiating and reiativdy “ 

supply UditTon^rirtXto r r^’ 

beer that is less satiating, paler^n color and t r ’I P™duce a 

Malt adjuncts include ce tlin er d a' tnore stable, 

uncooked), sugar and sirups and ^n Products (cooked or 

Pi'txiucts. ’ In normarWsTn ihb cotmr -rbohydrate 

Sirmfu'Tdiurs Ttt fsh'on*^'- f ™P°™" -Tta 

-|~ .h. .ra.i"2: r ■ 



384.823.535 
300.989 


New York. 

Peansylvania.. ( oc=’ 

Wisconain j 97 /-.,. 

187.. 334 .730 
178.291,337 
180.033.150 
149.418.577 


Ohio. 

New Jersey. 

California 

Total, United States. 


2.513.788.652 


118.587.540 
65.454,118 
100.463.311 
21.6.34.475 
58.796.892 

53.989.631 

40.326.641 
719,300.506 


14.8.50,300 
3,031.090 
27.569.800 
61.942.351 
13,717.799 
586.520 
4,176.450 
172,199,735 


290,890 

80.200 


15,800 


2,465.320 

4.697.577 
664.078 
250.900 
1.474.421 
615,695 


769,790 


10.052.225 
14.791..383 
6.753.880 
2.547.700 
1.800,321 
5.821.990 


8.962.179 

13.777,421 88.995.670 



State 


Soybeans 
and soybean 
products 


New York. 

Pennsylvania. 

^'isconsin. 

Missouri. 

Ohio. 

New Jersey.. 

California. 

Total, United States. 


737.538 
156,812 
967,913 
78,112 
237,944 
156,820 
669,072 
4.885,118 


Sugar 

and 

sirups 


Hops 
and hop 
extracts 


35,298,897* 
41,322.489 
12.559,790 
3.305.265 
15,941.864 
16,390,998 
3.958.878 
218.598.828 


6.474.359 

4.338.023 

4.030.021 

3.547.782 

2.706.479 

2.745.066 

2.317,918 

40.506.913 


Cassava and Potatoes 
cassava | and potato 
products I products 


Other 

niaterials 


16.574.237 
5.449.939 
24.437.885 
165.756 
2.795.821 
2,985.607 
3,359.423 
107.629,982 


3,160.465 
375,800 
218.309 
394 
1.100 
175.100 
155.760 
6.651,977 


10,500 


I ^ rp - - ' I _I 

’ QuantiU^ in Xnl""“^ of the Comr.U^oner ofI„,ernal Revenue. June 30, 1947 


70,713 


malt is commonly”u^ef irthe^^nuTac'to “f 
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In Table 37 are shown the kinds and quantities of materials used in the 
production of fermentetl malt liciuors. 

The quantities of materials used in the production of each barrel of 
fermented malt liquors are shown in Table 38. These are, of course, 
average figures based on nationwide production and are intended to 
convey only a broad picture of the malt-beverage industry. The mate¬ 
rials used vary from plant to plant. 


Tablk 38.—.\vER.\GE Quantities of .Materials Used i.v the Production ok a 

Barrel of Fermented Malt Liquors' * * 


Pounds per Sl-gal 
barrel 


Material 


1937 1946 1947 


Malt.37.05 

Conn and corn products. 7.20 

Rice.I 3.92 

Wheat. 

Bariev. 

Sorghum grain. 

Soybeans and soybean products. 

Sugar and sirups.j 3.22 

Hops and hop extracts.| 0.63 

('assava and cassava products. 

Potatoes and potato products. 

Other materials. 

Total material per barrel. \ o2.02 

Total malt adjuncts*.14.34 


Percentage of total 
material 


0.065 


45.130 

19.231 


44.226 


15.165 




1937 

t 

1946 

1 

71.20i 

56.40 

13.85 

20.62 

7.55 

6.28 


1.25 


4.16 


4.08 


0.18 

6.19 

5 90 

1.21 

0.98 


0.15 

too 00 

100 00 

27.59 

42.62 


1947 


1 00.00 
34.289 


1 Calculated from statistics presenteil in the annual reports of the Commissioner of Internal Revenue, 
U.S.. Treas, Dept., June 30. 1937; Jvme 30. 1946; and June 30. 1947. 

* Data are for fiscal years ending June 30. 

* Total materials less malt, hope, and hop extracts. 

Mashing.— The purpose of mashing is to digest and to dissolve as 
much as possible of the valuable portions of the malt or malt adjuncts. 

The sweet wort that results from this enzyme process contains dextrins, 

maltose, other sugars, pentosans, protein degradation products, minerals, 

tannin, coloring matter, and other substances. ^ 

Mashing Methods—There are two main methods for mashing: 
infusion and decoction methods. Many modifications of these methods 

are used in practice. 

THE IXFURION METHOD.— There are two infusion processes: one ot 
these is the upward method; the other, the downward method. In the 
upward process, the malt is mixed (doughed in) wth water at a tem- 
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perature of 38 to 50°C. This mnin • 

rest period) for about 1 hr at this fp permitted to rest (protein 

the proteolytic enzyJee The t mpeZr:i th ‘"7 

by the doughing in of the cooted 1. ? “ “> ‘o 

boiling temperature. The mash is perm^rd t the 

enzymes. The mash is filtered at this trperL^e'’ 


801 

76 

72 

68 


looker mash 
boiled ! hour 5 

f ^80'^R, ^ *' 

/ 
t 
9 


K^fHe boiled 2l^9hrMirj^ 


% 55 


/ 

/ 

I 

I 


aoldecl 


‘9> 


■^ 1 . 1 1 - 60 % 

i' 

i 




Laufer/hg 

3/;^ hours - 

^orf running h kef He 


*30 

60 


m\ 




"R 


Jb hop sfralner 


44 




fc:/ -- 

^ Mashed off 
52^R 

I Mash held for 
starch conversion 


36 

32 




Toworfcookrat 

fermenh'ng cellar 


Bam mall 'mash on res! I hour 


" 4 5 5 „ „ 

T • • I ^ 0 Q 

Fig. 34_t* + i»rne in hours 

Irui. Eng. Chem., aTr/SraSs) j ‘’'‘^''^ouse operations. [Courtesy of Dr. R. Schwarz, 

'vate 1 %^“ 7ra ThraZi''miu'“d‘'"'’"^“''‘= 

appro.ximately 70°C A temr. f r cooling the water to 

- .be up„.a/d infusion prrertr^elff " '"“'"‘““0. - 

temperature of the mash is lower tLn thel'n'i, w™*’'’”' 

Imver temperature, oecrs'ioMl/y IrounTdOx’ »h '* 

tnfuston processes. The temnernforo r .u .ban is the case with 

' XSrf'r °'v r‘ obtain:;'**" 

itoated, and boiled'CX*::: pel7tr‘'‘^ '".Mrawn 

“am mash. The heated portim raises tliTt ''‘“."ad to the 

The enzymes in J boile'd 
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cell vails of the grain are softened and the starch Hqnetied. Diastalic 

uction is thus facilitated by this process. 

The mash may be maintained for a while at the new tempera ure 

Thereafter another portion of the mash may he removed, h«*d ami 
returned to the main mash. The process may he called a one- t»o-, 
thret-mash process or single-, double-, or triple-mash.ng process, depend- 





„,c. 35.-V„ncra mash «i... coatca. o/ avaert.-Oa.aar 3 , C... 

Inc,, Hoboken, N, J.) 

, .■ .n.t trnvc been heated and returned to the 

ing on the number of portrons that hate been n 
“1:; a three-mash process, aecordlrtg to 

„,y be held at the ini.ial temperature (40 « m ord^ 
ensymes and favor proteolysis and peptonization’ 

Tt 60 to 05“C. for complete extraction. 
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decoction process, because bitter resins are not dissolved to such an 
extent. Either method should produce satisfactory results, however. 

Important Considerations in Mashing. —In mashing, the proper prepa¬ 
ration of the malt and uncooked malt adjuncts; the treatment of the mash 

vater, if necessary; and the control of temperature, pH, mash concentra¬ 
tion, and time are important. 

Preparation of Malt. Malt is selected, cleaned, and ground. Grind¬ 
ing, to be satisfactoiy, must be accomplished according to the variety of 
malt and the type of equipment being used. There should be proper 
distribution of the ground malt into husks, coarse grits, fine grits and 
flour. The presence of unground kernels results in a loss of extract, 
while the production of too finely pulverized malt interferes vdth the 
filtration of the wort. The properly prepared malt is mixed with a meas¬ 
ured quantity of water at the correct temperature in the mash kettle. 

Treatment of Malt Adjuncts. —Unmalted cereals, such as corn meal, 
corn giits, rice, or wheat are mixed with water and a small amount of 
malt, agitated and brought gradually to a boiling temperature. The 
mash, known as a converter mash, is then cooked with or without the use 
of pressure to gelatinize the starch and render it soluble. The converter 
mash is eventually added to the main mash containing the malt. 


Malt adjuncts that exist in the prepared state, such as cereal flakes 
are added directly to the main mash without anv oreliminarv 



ing Processes, Ind. Eng. Chem.., 27: 1031 (1935). 
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a higher proportion of dextrin will be prothu-ed when the mash is con¬ 
verted at a relatively high temperature. The fermentation of a wort 
containing a relatively large proportion of dextrin results in a low-alcohol 
beer. On the other hand, the use of a low conversion temperature favors 
the production of a larger proportion of sugar and less dextrin and, subse¬ 
quently, a high-alcohol beer, or ale. 

When the action of a-amylase is favored and that of /3-amylase is 

inhibited, dextrins will accumulate at the expense of maltose. Dextrins 
are colloidal and, when present in a wort in sufficiently high concentration, 
will cause a slow filtration of the wort. Sparging will likewise be difficult, 
and considerable extract will be left in the spent grains. Furthermore, 
dextrins are not fermented by beer yeasts. It is this fact that permits 

one to control the alcohol in a given beer more readily. 

The following table illustrates the effect of the temperature of con¬ 
version on the ratio of sugars to dextrins; 

T..BLE SQ.-Effect of the Tempeuatitre of Conwersion on the Ratio of Sugar.s 

TO Dextrins^ 

Conversion Temperature, 

Degrees Centigrade 


64 

66 

68 

70 

72 


Itatio of Sugar to 
Xonsugar 

1:0 37 
1:0.40 
1:0.48 
1:0.52 
1:0.57 


• POZEN. M. -V. Enzymes in Bre»-inB. Ir,d. Eng. Ck^n.., 26: 1127 (1934). 

By carefully controlling the temperature, it is thus possible to regulate 

centration, and other proteolysis that occurs 

om rmluah^ ‘"""ir is formed at 50X. 

tion in beer. A greaxer pi up oniino acids in particular, 

The f fermentation. .4n undue 

are useful as food tor . nroduction of amino nitrogen in 

should be avoided. 
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p//-By properly adjusting the pH of the mash, the quantity of 
extract wi l be increased, while subsequent clarification and filtration 
wiU be facilitated. The pH of the mash will influence the activity of the 
enzymes each of which functions best at a given pH, which is dependent 

factors concentration and nature of the mash, and other 

According to Hopkins and Krause, the yield of extract in a mash 
IS maximum at a pH of around 5 to 5.2. d-Amylase is very active at this 
p as veil as protease. Maltose formation and attenuation are best at 
a pH o approximately 5.5. This value is excellent for filtration also M 
pH values below 5, ammo nitrogen is formed at a maximum rate. 

bitter resins are dissolved from the husk more readily at 
higher pH values since they are weakly acidic in nature. Color hke- 
wise, IS extracted better at higher pH values. ’ 

5 8 fvaries, but it may be in the neighborhood of 

may indicate a pH of about 5.2 to 5.5. ^ ^ 

to phosphoric, or other acids may be used 

~£==" ;x £ 

will be intimately connected with the other factors of pm ^Uov'ed 

tem^rature pH, concentration of substrate and nlZ17 

Dunng the last part of mashing esoeciallv fbp • 
proteins vill settle to the bottom of tbp coagulated 

manufacturers permit settling to fakp 1 Although some 

by ailorving it fo florv Tou,h Slfw J 

material from the mash tub to a lauSr tub others convey the 

filtering tank with a false bottom THoqp -k-^k is a special 

give the quickest and best results The shallow 

_ grains that remain after fhe wor hlsT T 

They are extracted or leached several f “spent.” 

of /5 to 80°C., preferably 75°C the DroTeT a temperature 

The sparged grain should finafi^/conLTn 

drying. either m wet form or after 
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The wort and spargings are placed in a brew kettle, usually made of 
copper, and the hops are added in the proportion of 0.5o to 0.9 lb. per 

standard beer barrel of 31 gal. . , « i 

Boilitw Ihe J/as*.—Wort containing Imps is boiled for several reasons: 

to concentrate it, to sterilize it, to inactivate the enzj^es, to extract 
soluble substances from the hops, to precipitate coagulated proteins and 
other substances, and to slightly caramelize the sugar. The addition of 
the spargings to the main ivort dilutes it. making concentration desir¬ 
able "^The danger of the growth of undesirable microorganisms m the 

wort is lessened by sterilizing it and handling it under aseptic 
Inactivation of the enzymes aids in maintaining a wort of fairly constant 

“The tbsmnceTeCtd from hops include bitter acids and resins, 
essential oil, and tannin. The bitter acids and resins 

palatefulness, colloidal stability, and head retenrion of beer The 
A fr U O ) respectively Bv oxidation and polymeiization the 

r gre“ept':cti;n'’ A third resin, of little value 

drying of the hops, their storage before use, boiling them i 

cooling, the esTentiroil of hops. Since 

Some flavor is impaittci during the boiling 

“wort, ulllT tta ho;"'ed toward the end of the boiling 

’’TTnnins are extracted principally f^ 

“T Trir' 'ir^tir remo":' ^ reaction with the proteins 

:rrher;Wo;ethehop».aread<.di^^ 

Tannin aids in the ™ " pm'lpihde out during boiling. 

r .z swmg nse. a emu 

"Xs removed during subsequent cooling. 

1 wx, Hca T K., A llcvicw of Ten Vers- Research on the An.iscp.ic Con.t.tnen . 
of "OP-- noil Protein -fnrhi.Utics in Beer, Coni.t 


BREiriSG 


179 


Tjoiniii^ an* neieaiivelr Hiargeil Hiey rpart rvadily uilh positively 
rhar»nl pitHein.,. forniinit c<inipk*\es that U*« onu‘ le>s Nuloblo as the tem¬ 
perature tfc*ereai»es. Tannins rt*a< t readily with eleeirieally neutral 
proteuw. i.f., proteins that are unstable. 

H^in* converta i*oine of the tannin of the hoj)s into phlobapheiw. 

IVo^in phJoliaphene forms also during the boiling of the wort, and. la*ing 

insoluble in the hot wort, it preiipiutea out. Oxygen accelerates 
protein-phlcKiaptiene formation.> 

•Cniutiuo u,.! rimiUniw. of ,h, wort dorin* iKtilinit iiKr,.H,so« ihr 
unouni U prm,„t.t.«i, ,„d hrnr, thr 4 u.„, i,,. 

in« f«4iD» a«iuiH>n u Jm) o< muc h mlvunlaKc- in in< ro.rinii lice ajncmnt 

of piwipiUliun n«. gnmlcT llw (,u«nli..v vf unslni.lr ronipound. 

dunn* ImlinK mnd coolin*. the li>..a likeldiood llcoi,. is „( tin- 
tumutiun tjf pnwiiHlwtnc in tin- hni.h«l produc t. 

nuno« t|«. hop. .ml pmc-,p,t.l«l proi,.,,... 11,. „ ort tn.v, or in.v i.ol 

tw pim-J utto a unk lcw.t«l .Ikcv.. ,hr rocdrr whcrv „.uli„g m.v l.i 

prTO.twd lew O^lc, I hr. Scmic- ruedm* t.k.^ pl.c-c in this tmik. Tl.e. 

rcmccrictwl,;^ lifted '•"•f-™'’'-'- “i"' 

'iT'’"': »"<* '"• >■■«' mrrr.a«. 

•».«« ‘to .lll'ln^dlJiVv '-"‘P-""'* Pn-umco emt 

__ _ . *"^>*ul.ilit> at tin- lowc*r teiiija-ratures. A sec-ondarx' 

the of tlM* protem-iannin rcmip,Hjnds. 

». ^ 51'?v ‘T '-■nP'ratun-H of 

tcrirhi^ j '*»™« on protoin-tannin pns ipit.iion • 

worm !».„* „.ur.d thnHtgh ,porker cedin* r.J 

racmiv u_l ,ul ™7* ■■vnvWomiwr. rrrcn.ici/ .re rom- 

^ nw clcs-tico, of .ppropri... 

» unportant factor in determining Uie charac ter of the lax-r. 

l: r" . ««>'' Tl- <■-- few Bo..,.., Tr..„,,n,, 

^ t. B,, »„«. .Ucwm™ u. Brn-im. T-l...,4,,wv, H.„rcA. 

~'■^pothr.i-t 
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Brewery yeasts may be classified as top-fermenting yeasts, which are 
used in the manufacture of ale; and bottom-fermenting yeasts, which 

are used in the production of lager and other beers. , . . . 

Saccharomyces carlsbcrgcnsis Hansen^ is a bottom yeast, whic as 
been used in the brew^eries of Copenhagen and elsewhere. Ihe baaz 

veast and S. monacensis are typical bottom yeasts also. 

* Pitching the H'orfi—The addition of yeast to a wort is knowm as 

“pitching.” Only pure cultures should be used for such purposes. 

Wort is placed in tanks located in cellars (not necessarily below the 
surface of the ground), and maintained at a temperature that depem s 
on the type of beer being manufactured. Some worts are stored at 0 to 
6°C.; others may be stored at slightly higher temperatures. 1 he wort is 

pitched and fermentation follow's. 

Fermc7itation.—It is the practice in some brew'eries to pump the 
fermenting wort to another fermentation tank after the appearance of a 
ring of white foam (krausen stage) on the surface of the wort. In so 
doing, precipitated proteins, hop resins, and some yeast cells are le t 
behind Since carbon dioxide is used to carbonate beers, the use of 
closed fermentors with arrangements for carbon dioxide collection is now 

^'^‘'mHng fermentation the temperature rises several degrees. Modern 
fermentors are provided with cooling equipment to prevent the tempera- 

^"'^Al'^Xe'fermentati^^^^^ various substances accumulate on the 

surface of the medium, including hop resins, yeast cells, and proteinaceous 
material. This scum may be removed after the fermentation starts 

recetio in order to improve the quality of the beer. , - . 

Certain very deHnite changes take place in the rvort dunng fe,-men¬ 
tation At a particular point near the end of the fermeutat.on theye^t 

!^d dl-pemfs in part upon the pH tor initiation. (Not all yeasts break 

hou-ever.) A large proportion of the fermentable sugars 

to ethyl alcohol, carbon dioxi.lo, glycerol, and acetic acid. g 

alcohols and acids arc produced from protein anil 

are formed from organic acids and alcohols. Ihe pll of t 

gradually. Insoluble products precipitate out. 

The fermentation of a bottom-fermenting yeas ' 
carried out at fi to 12°C., is ordinarily completed in 8 to 
that of a top-fermenting yeast is completed in a shorter time, 


1 r.iTiM.iEUMONi., “Tho. Wa-stH” (translat.-.! .uul by F. 

Wiley & Sons, Inc., New York, 1920. 


W. Tanner). 
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Beer at the end of this 


at a somewhat higher temperature, 14 to 23°C.* 
stage is known as “green” or “young” beer. 

The beer resultant from the fermentation still contains undesirable 
substances in suspension. The elimination of the suspended materials 
by clarification and the use of low temperatures, and the production of 
“ bouquet ” in the beer are brought about by subsequent processes. 

d/afuriH^.—Beer is stored in refrigerated cellars for periods of 2 weeks 
to .several months, depending on the process being used and the type of 
beer desired. The temperature is maintained at 0°C. During storage 
unstable proteins, yeast, resin, and other undesirable substances pre¬ 
cipitate from the beer. The harshness of the “green” beer disappears 
Lsters are produced, and the beer becomes mellow or matured. 

Fmishmg.-—The matured beer is carbonated under pressure, using 
carbon dioxide that is at least 99.5 per cent pure, until a final carbon 
dioxide content of 0.45 to O.o2 per cent is obtained. Gas is absorbed by 
le beer, and oxygen is displaced. Exclusion of air in the finished beer is 
ver>^ important The greater the amount of air displaced from the beer 
the better. The dissolved gas adds to the (piality of the beer, aids in the 
proiluction and retention of foam, and helps to preserve the beer 

An alternate process for carbonating beer is known as the “krausen 
ing process ” The beer after storage is placed in pressure tanks or co" 
amers and approximately 15 per cent of beer in an initial active stage of 
ermen ation (krausen) is added and mi.xed with it. The carbon diolcide 
evo ved from the fermenting young beer impregnates the entire tank of 

rp 1 1 pressure tanks, enable one to 

cent "iTe I 0-52 per 

ent . Ihe krausenmg process usually requires 3 or 4 weeks \fter 

wanl the beer is stored for an additional period of 3 to 8 weeks The 

action of the yeast stops after the sugars have been consumed 
tion then proceeds. 

Duria. the fi.t' “"h: 

mately 43 per cent of the beer wax packaged. Bottle 
pasteunzed tor 20 min. at a temperature of (iO to fil°C 

fac,„^:“ul“ht";:;etot^ “"■'’er of 

uu.iaoie protein,■* protein-tannin comnlexes • 

microorganisms. ^ exes, starch, resin, and 


Clarifica- 

By racking is 
cans, or other 

1937, approxi- 
Bottled beer is usually 


Gluten, or albumin, turbiditv occurs at « i 

^ ^ temperature generally. 


’ PozEx, loc. at 
’ Sthw-.^rz, loc. cit. 

* Ll-er.s and Enoebs, loc. cit- 
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I Ilia typp of turliidily ia likoly to appear wlien the malt has 
erly dried in the kiln or when a harley with very high protein content is 
uaed. Warming the beer eausi‘s the turbiiiity to disappear. 

Oxidation turbitlity or haze is due in part to protein-tannin com¬ 
pounds. The presence of oxygen; the shaking of the In'er during its 
transportation; the collisions of beer bottles, which impart supersonic 
and high-pitched sound vibrations; and sunlight affta-t the fonnation of 
oxidation haze. Saturation of the beer with carbon dioxide doe.s much to 
prevent this turbidity. 

Tannin-protein hazes appear also at low temperatures. In order to 
produce stable, chillproof beers, which will not become hazy or turbid 
when cold, the use of a small amount of a proteolytic enzxTne preparation 
is advantageous. The enz>Tnes are usually added after the fermentation 
although they may be added earlier. The enzymes in an acid medium, 
such as is found in a beer, render the beer stable and chillproof. ('rt'ilit 
is due to Wallerstein* for this discoverv. 

Starch turbidities develop as a result of the improper conversion of 
starch during mashing. Lack of proper digestion at this time may lie 
due to the use of a malt in which the diasta.se has been destroyeil during 
the kilning. Sparging with water at a temperature much higher than 
SO°C\ may also result in the proiluction of turbidity. Amyla.ses may Ik* 
added to the storage vats to remove starch turbidity. 

The presence of resin oil containing pitch may, rarely, cause tur¬ 
bidity, as may calcium oxalate. Proper filtration will prevent both 
types of turbidities. 

Yeast turbidity may be due to lack of proper clarification during the 
secondarx' fermentation, which in turn is caused by an un.sati.sfactorx' 
wort. The use of chips, or krausening (the addition of beer in an active 
state of fermentation) is usually effective in correcting this type of 

Wild yeasts, especially of the Saccharomyces pastorianufi III 
species, produce turbidity. By excluding air and keeping the concen¬ 
tration of fermentable sugars in the beer low, growth of yeasts is inhib¬ 
ited. A low rH. 12 or below, will also inhibit the growth of yeasts 
according to De Clerck.® The use of pure cultures and proper sanitation 
of the plant should prevent the access and development of wild yeasts. 

.\mong the turbidities caused by bacteria, those produced by 
are most common, especially in bottom fermentations. Bacterial tur¬ 
bidities are less common than turbidities cau.«ed by yeasts and frequently 
xWll contain yeasts as well as bacteria. Aseptic technique, the use of 

* WAiLERSTEiv, L., U.S. Patents 995,820 and 995,824, 1911. 

1 j)e Clertk, Jour, Inst, Bretnng^ 40: 407 (1934». 


turbiditv. 
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pure cultures of yeasts, sanitation of the brewer}’, and a high content of 
hop antiseptics should prevent bacterial turbidities. 

Faulty beer may be the result of the use of a low-grade raw material 

in the mat>h; the use of hops of poor quality, too much hops, or prolonged 

boiling of the hops; contact of the beer with iron, causing an inky taste; 

contact with tin; an unsuitable brewing water; young or green beer; or 
carbon dioxide deficiency; etc. 

Beer Infection. The term “beer infection” or “beer disease” is 
commonly used in describing the undesirable condition that occasionally 
exists in beers or ales as the result of the presence of microorganisms 
chief among which are the bacteria. The microbial agents causing the 
symptoms may be designated as beer-infection microorganisms or beer- 


microorganisms. 

The infection bacteria described in literature are included in five 
amihes; the Pseudomonadaceae, Bacillaceae, Bacieriaceae, Micrococcaceae 
tind Lactobactenaceae. However, the bacteria of only three of these 
amilies, Pseudomonadaceae, Bacieriaceae, and Lactobacteriaceae, are of 
particular significance to the brewing indiistiy. The actual number of 
genera involved is also small, as illustrated by Tosic,i who reviewed the 

infections are caused by species of the following genera: Lethbacter hlcto- 
I us, Streptococcus, Flavobacterium, and Achromobacter. There appears 
to lie some doubt as to whether bacteria of the genera Bacillus Bind 

spore4ormers exi^ in the raw materials used in brewing "no i^Hon 
that they are producers of infection. ^ maication 

terei'in IL'^bleting^o^^^^^^^^ ‘^^^oun- 

l.ac-teri,. and that in fact m^v “ K™--“I Pronounced effects on 

sun-ive or develop in the beer. Th“dwlsMoTs: 


1 . 

2 . 

3. 

4. 

5. 

6 . 
7. 


constituents of the wort are usually boiled for about 2 hr 

The pH v.l„« of the wort and ter ar^ 1 •™P««tarea. 

The te'"’”''” r beer. 

1 he beer is usually pasteurized. 

Anaerobic conditions usually nrevail dnn'nn- r • 

bthv, atcoho, i. pre«„, fp .hr,„n.e'S “e ter*"' 


fore“tr:;r 

me species of the genera Bacillus or Clos- 


99-103 
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tridium, might survive the long boiling period of 2 to 2.5 hr. to which the 
wort is subjected. 

However, such bacteria are commonly Gram-positive and sensitive to 
hop antiseptics. A surviving sporeformer in order to cause infection 
.vould have to be tolerant of a relativel}’^ low pH, of anaerobic conditions, 
and of the alcohol normally found in a beer or ale. Thus, there are ample 
reasons why sporeformers may not be associated with beer infections. 

Bacteria of the species of the Acctohactcr, Achromobacter, Flavohacte- 
rium, Lactobacillus, and Streptococcus are destroyed within a relatively 
short time at temperatures Avell below the boiling point. Hence, if 
beverages contain these organisms, they have generally become infected 
during one or more of the operations following the boiling of the wort. 

The species of the genus Acetobacter are rod-shaped, though involution 
forms may occur. Gram-negative, catalase positive (with the exception of 
A. peroxidans), aerobic, and grow usually in the range of 5 to 8 to 35 to 
40°C. These bacteria produce acetic acid aerobically from ethyl alcohol 
and are tolerant of acid and of hop antiseptics in the amounts commonly 
found in beers. They may be responsible for the production of acidity or 
sourness in beers due to acetic acid. Two other species, A. capsulatum 
and A. viscosum, may produce ropiness in beer, while a third species, .4. 
turhidans, may give rise to turbidity and sourness.'’- The latter organism 
apparently has the ability to develop when only a very small amount of 
oxygen is present. 

The acetic acid bacteria, with the exception noted above, are depenil- 
ent in their action upon the presence of oxygen. Consequently infections 
by species of the Acetobacter are limited to those cases where the fer¬ 
mented wort or beer is exposed to oxygen, as for example, in cooks stored 
for a prolonged period, in empty beer barrels, and in the pitching yeast. 
Control is e.xercised by excluding oxygen from the fermented product and 
in using pure cultures of yeasts. 

Two genera of the family Lactobacteriaceae, namely Lactobacillus anti 
Streptococcus, contain species which may be causes of serious trouble. 
Bacteria of the genus Lactobacillus are rod-shaped. Gram-positive, 
catalase-negative, microaerophilic, and tolerant to acid. They may be 
tolerant to hop antiseptics or often adapt themselves to its presence. L. 
pastorianus,^ '^ synonyms of Avhich are Bacille des Bihes Tournees Pasteur 
and Saccharobacillus pastorianus \ an Laer, gives rise to sourness in beers 

' (^OSBIE, A. V. C., J. Tosic, anti T. K. t’i'Ai.KEH, Jour. Inst. Brew, 47: 382 (1944); 
48: 82 (1942). 

* (’osBiE, A. V. J. Tosic, ami T. K. Wai.keu, Jour. Inst. Brew., 49: 88 (1943). 

*SiiiMWELi., J. b., Walleratein Labs. Couimvns, 4 (No. 11): 41 (1941). 

♦ 'Posic, loc. cit. 
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and a silky type of turbidity. It maj’^ produce lactic, acetic, and formic 

acids, alcohol, and carbon dioxide from feimentable sugars and grow in 
the range of 11 to 37°C. 

According to Shimwell,^ Lactobacillus pastorianus is probably the 

most common defect-producing organism to be found in top fermentation 

breweiies. Although difficult to remove entirely from a brewery, once it 

has gained entrance, the problem may be attacked in several ways. The 

plant should be kept clean, the yeast used for pitching should be pure, the 

residual feimentable extract should be kept at a minimum, the pH should 

be as low as possible consistent with the production of a quality product 

the hop rate should be high at the time of racking, and finally the beer 

should be pasteurized, because L. pastorianus is destroyed liy effective 
heat treatment. 

The streptococci causing trouble in beer are associated with such 
defects as sarcina sickness,” sourness, turbidity, and ropiness. Sarcina 
sicknes.s is a disease of beer characterized by a honey-like odor. This 
particular odor is due to the production of diacetyl by the bacteria, whicli 
combined with the normal odor of tlie beer, produces the honey-Jike 
aroma. (Refer to the section concerned with butter starters ) 

,„rl concerned in the production of sarcina sickness 

Sh- ' m’ ™piness IS Streptococcus damnosus (Claussen) 

bhimwell and Kirkpatrick. A synonym of this organism is Pcrf™ 

damrtosus C aussen. Shimwelli also lists as possible svnonZ T 

pcrn^sus C laus*n, P. cerevisiae Baicke, and P. sardnaeformis Reichard' 

“ “onspoceforming. Gram-positive catalase^ 
negahve, anaerobic tolerant to acid but with an optimum pH oi S.ofocT 

arieties of Streptococcus damnosus have been described Thse 

^ r ^^scosus and .S. damnosus var. penlosaceus TWqlfprQ'^ 

The first of these varieties was isolated from Scotch ale hv r? 

oxitle. in fiat beers, sarcina sickness is produced rather than 



Streptococcus damnosus var. pentosaceus (originally named <! i / 
pcnns var. pentosaceus) was isolated from Australian be", bv Lit 

'-fcrt™. A. nnaerrrp^re:tSitv f 

F. proteus is an infection of brewers’ yeast. ^ off-odors in beers. 

Achromobacter anaerobium a Gram norrof 
robe, is tolerant of acids and hops. Actually ,t’ ™ae- 

than 4 and is not inhibited by the action of h "' *™'' 

■ Sniiawacc, op. cU.. pp. 41 - 48 . ’*“P “‘‘^Ptics in the con- 


T.kble 40.—A Summary of Some Information (-oncerning the Defects of Beer Caused by Bacteria* 
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centrations used in breweries. It grows only in “primed” beers but 

rapidly when the temperature is elevated. Glucose and fructose but not 

maltose are utilized. A silky turbidity and odors of hydrogen sulphide 

(slight) and of apples are produced. Ethyl alcohol and carbon dio.vide 

are foi-med. The organism is destroyed by heat-treatment for 5 min. or 
longer at 60°C. 

The infection of brewers’ yeast, caused by F. proteus, has been 
described by ShimwelV and Shim well and Grimes.® Shimwell isolated 
the organism from “pitching” yeast. It is a Gram-negative, nonspore¬ 
forming, facultative anaerobe, which produces ethyl alcohol and acid and 
gives rise to a parsnip-like odor and flavor in both hopped and unhopped 
wort. Its activities, however, are restricted to the primaiw fermentation 
on account of its inability to grow at a pH of about 4.2. Since the pH of 
the wort may be 5.2 or more at the beginning of the femientation, it may 
grow until the lowered pH inhibits further development. 

Table 40 summarizes some information concerning the defects of beer 
caused by bacteria. 


Definitions. 


Lager beer is literally stored beer. The term “lager” is derived from 
“lagern,” a German verb meaning “to store.” According to this 
definition, all beer would be lager beer. Lager beer is produced by bot¬ 
tom fermentation and is rather high in alcohol and extract with a rela¬ 
tively low proportion of hops. 

Bock beer is a heavj'’ beer, dark in color and high in alcohol. It is 
brewed for consumption in the early spring. 

Ale is produced by top fermentation, is pale in color, tart in taste, 
high in alcohol and contains more hops than does beer. 

Porter is a dark ale, high in extract and sweeter than the usual ale in 
taste. It is brewed from dark or black malt (malt roasted at a high 
temperature) to produce a wort of high extract. The flavor of hops is 
less distinct than that of noimal ale. 

Stout is a st rf)ng porter that is high in alcohol and extract. It is dai’k 
in color and possesses a sweet taste and strong flavor of malt. The hop 
flavor is more pronounced than that of porter. 

Weiss bier, a beer made mainly from wheat, is produced by top 
fermentation. It is rather light, possesses a marked flavor of malt and 
hop, is tart, and contains a large quantity of natural fermentation gas. 
It is likely to be turbid in appearance. 


' SuiMWKi.L, J. L., Jour. Inst. Brew., 42: 119 (1936). 

* SniMWKLr., .1. L., and M. J. Grimes, Jour. Inst. Breiv, 42: 348 (1936). 
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Cmal Wo,, k b«.r .-onlaining less than 0.5 per rent alcohol It is 

sometimes known as “near In^er ” t aitonoi. it ks 

cranpansoo of a ,e„- points „„ .he thtste scales is‘givetftltnng 

T.-rr 4,.-., „ s.,aK P,>,s„ ™.: fasTtatuna ,s„ 

h.MlHKSHKir S<'^LES * 


Fahn'nheit 



“32 

“40 

-16 

“20 

0 

0 

4 

5 

8 

10 

16 

*20 

32 

40 

4s 

60 

52 

65 

56 

70 

80 

100 


“40 
“ 4 
32 
41 
oO 
68 
104 
140 
149 
158 
212 


grtl is cuivalent to ,.25 centi- 

^«Kulations.—Hefrulations eoncerninir m-.lf 1 

-'Icohol .X.hnittistratiot, J the ’?T 

nieiit. 1 he lalieling anci arlvertisimr, f n i ■■ . I re.siiry Depart- 
"■'"AdHv' • --f llte .leparone, 

nta.v I. rattsn:Tfe:"„;toTl‘e" ir"™"'’''" 

-iarpter. The texti of lirh'nl al , ,'’:' ot the 

Issmhanit. ati.l Merten will li, fot.n,l?'’*i'"'r' ' 

'•-r finality,- „ re...,.,, 

lone,, is also of parlienlar int'erest. ' "“""■stnin Labora- 

Some Other AJcohoIic Beverages - Vlcfil i- i 

•n e^er^' rountrj' <,f the world h, s<',me ! are consumed 

- «n.ge has bt^n passed dow n fr': ranZ ^ r''" “ P“^^^ 

'■'■'■n.. .V brief description of a few atoZieT'“' 

Aross may he pmpared be ‘"'“’''c beverages follows: 

malt and rye flm.r, adding l«,iii„g„Z”r“ O’e 

““'i hours, adding more boihnZtrZJ'ri"' "" 

*ug water, and then inoculating 
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with yeiuit an<i (MMiniltin^ ffmuMitation lo take* placf*. Prpprrminl n* 

to lln* 1'eriiu‘nUNl pnNiurt for fiavoritiK nii.' b^xcnie** i* vcr\ 

» 

roininoii in Uvisisia. Noi^hhoritiK rountno-' prrfMin* Himiiar drinkp in 
w liicli otluT slan’hy or Hacchuriiu' materials may 1«* uiwnI. 

1 ‘ultfiu- is propannl Oy allowiii)jc the swihM juire of anave the <-entur> 
plant 18 a eominuti 8 |K*<-ie 8 ) to umlerKo a 8|>ontan<HHi^ fermentation, whw h 
18 usually eoiuplele in alxiut 1 «Iay. Yeast- pnuluce ulrohol from the 
Hunars. liaeteria are pnw'nl, which caux- a mpnl -ptalajre of ll»e bever- 
aneunle.ssit isconHunH^l -hortly after it.-manufacture I^ll«|Ue rrs^emhlett 
cider and has a flavor somewhat similar to that of xair milk It is a ver>' 
common la'verajje in Mi'xico. 

Tiutlr is an alcoholic iM'veraRe prepared from milk. Yea.-ts cau.’w* 
the characteristic changes in flavor. The ppsiuct lias a pieik-inK arid 
taste. 

Sorgho is an alcoholic drink made from Sorghum forrhoratum. 

S<ike is the widely usetl alcoholic lieverage of the Japanese. It is a 
yellow rice wine containing 14 to 24 p«*r cent of alcohol. Tliere are vari¬ 
ous methoils hy which it is manufacturtHi. TsuaJly a kqji, known as 
sakr-koji or lonc-koji. is prepaml. f^teame^l rice is inocuLateii with the 
spon's of AKpt'rgillu^ oryzae and incuhateil at alnxit until the rw-e 

is well covertnl with mycelium. Tlie kojt, or starter, is mixe<l with 
steamixl rice and some water and inoculated at a low temperature 
Standi is converteii to fermentable sugars. The thick lH]uid resultant 
from this en*ymc hydroly-is and in which spiintaneous fermentation 
usually takes place is known as moto. Koji. moto. and more water are 

usuallv mixetl. An alcoholic fermentation en.-ues in which several yeaei^' 
% 

mav Ik* active. Sarcharomycfs mke, S. tokyo. and .*>. yeddo are some of 
the yeasts characteristic oi .sake. 

Fomhf is an alcoholic heveraee maile by permitting millet eeerl to 
sprout and umlergo a conversion erf the starch to .sugars and by allowing 
a spontaneous fennentation of the saccharifieel starch in water. 

BHi is a w ine made from the tubercles of Osberkia granJiJhra. It i» a 

West .Vfrican drink. 

Ginger beer is characteriaed by its distinctly acid nature, the ginger 
flavor, and the presence of a -mall amount of alcohol, farboo dioxa^ 
is evolveii in considerable quantity. The raw material- are - igar in 
10 to 20 per cent concentrations and pieces of ginger rtK>t. "Ginrer-beer 
plant " is added to a solution of the ^gar. In the ginger-lKK*r plant are a 
yeast, Sturharomyees pyriformi*. and a bacterium. BocU-nnm rermxiarme. 
The yeast cells are entangled in the gedatinous sheath- <rf the bacteria. 
A sxmbiotic relation.^hip apparently exL=ts. for both the yea«rt aad 
bacterium function best when in each other’s pre-ence. 
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Some American Brewing Periodicals 

American Brewer (monthly), A. Schwarz Sons, New York 1867- 

K-iew Co., Chicago, 

(armiwcekly). The Brewers Bulletin, I„e., Ch™ 1 . 107 - 

T):ie':rnS™“'’' f-, 

Breuss <,orderly B'e.lr™ Brewer) (.ontl.ly), H. S. Rieh 4 Co., Chic.,,., 

Brewery Age (monthly) Brewery Age Publishh.g f’o., Chicago 1<)32- 

Modem Brewer (incorporated with Brewer’x \rt\ rr, .ui no . 

New York, H)20- ' ^ (monthly), Modern Brewery, Inc., 

T he 11 est Coast Brewer (monthly) THp W'oof rv * r. 

Clkich, C. F.: Period,e„l, ScloV;. P,® R B r'l’ ‘"“n" 

(Contains a list of brewing periodieah^' ' 

References on Brewing 

"'Sne^e ^— 

-S'.™ » Keeds, f„d. 

- »>» r-.on,ati„„ ,„d„stri™, 

'' “■ ^oo- ,..|„„f. F,/.), ,1: 

Co,»K' a''j'’c'"b Yo'rF Bot'""''' "" 

■: a < 5 o. 7 r 8£.‘,7 /-»as. c„„.. 

i" ->at,„„ to brewing. 

(1934); a4m. Bcciccr, 68 (January ^ 1 ^ 5 ) S’ T ^17 

J/odcmBrcM-cr, 19 (No. 1): 40 (1938) ’ (*^'o-6): 38 (1937); 

> --- Q-alH. W a 

Lab s. Com m ans., 6 (AM. ^6^ 93-m/S^^ ^‘**‘®* 

Beer Flayo^, a" O.xidation on 

aa-i’a Lfp-lv'rner), dohn 

Btareh S.r,,e.nre and K„s,y„e ..lion, ,ve„ 

H. J:rtt 

Chem. and Ind., 66: 125 (1^37)""°''"^ Deyelopment of Science in Brewing, 
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: “ lircwinn S<'i«‘in'r »inl l’rarti<n*,'* \ol I. “Hrrain® Jottn Wiir> A 

liif.. N*« w York. HKU*. (A w<i>iid voluini* erf thw wrnr* » in 
HKiNH, U II.: |•^•v«•nlM>Il IVtt» r Than ('urr for Hrrwui* TrouWra. /nrf . 10: 

74 (MKtH). 

Kniynn^ in Maltinic and Hrfnin*. .4»n Hrrwrr, 76 \'o. li: 14 (14»43t. 

- and ( H. Krai ar.: “ HM>clM*imKtrv Api»li»^ u» Mallui*and Hrwin*.’’ l> Van 

Noatraiid ('<>in|>aiiy, Inr., N»*w ^ ork. H*3«. 
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L( KHie, H : The SiKnificance' of tKygi»n in Hn-win*, H orAarAr. Hmu., M No 44*i: »hU 
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CHAPTER VII 


WINE 

Wine is the product made by the “nonnal alcoholic fermentation of 
the juice of sound, ripe grapes, and the usual cellar treatment.”‘ 

Classifications and Definitions.—Wines may be classified in many 
ways. 

Dry wine is “wine in which the fermentation of the sugars is practically 
complete.”^ Most dry wines contain a small amount of sugar even 
though the quantity may be so slight as to escape detection by the sense 
of taste. 

Sweet wine is “wine in which the alcoholic fermentation has been 
arrested.”^ Such wines contain sufficient sugar for taste perception. 
Wines may be fortified by the addition of brandy or wine spirits. 

Fortified dry wine is “dry wine to which brandy has been added but 
which conforms in all other particulars to the standard of dry wine.”^ 
Fortified sweet wine is “sweet wine to which wine spirits have been 

added.”' 

Sparkling wine is “wine in which the after part of the fermentation is 
completed in the bottle, the sediment being disgorged and its place 
supplied by wine or sugar liquor and/or dextrose liquor, and which 
contains, in 100 cc. (20°C.), not less than 0.12 g. of grape ash.”' Such 

wine contains considerable carbon dioxide. 

Wines may be red or white wines. A red wine is one containing the 

red coloring matter extracted from the skins of the grapes; a white wine 
is one “made from white grapes or the expressed fresh juice of other 
grapes.”2 In making a red wine, the skins and seeds are usually left 

with the must during fermentation. 

“ Modified wine, ameliorated wine, corrected wine is the product made 

by the alcoholic fermentation, with the usual ceUar treatment of a mixture 

of the juice of sound, ripe grapes vrith sugar and/or dextrose, or a sirup 

containing not less than G5 per cent of the sugars, and in quantity not 

more than enough to raise the alcoholic strength after fermentation to 

11 per cent by volume. 

> U.S. Dept, of Agriculture, F. D. A., Service and Regulatory Announcements, 

Food and Drug, No. 2, Rev. 5, November, 1936. 

* Ibid. 


194 


WINE 


195 


fe™'n‘ation of an 

of raisins with grape °f -eh infusion or 

in Ae^cZtls7c^atZZ^r^tl7Tl '’rf P'-‘^’'ee,i 

Greece, the Balkanl^atef “d Spain. Portugal, 

North Africa; Chile and Argentina'Anstoaha* c"* “d'* “‘*"7 7®'™“ 
Stato produce considerable quantities of wine’ 

ri'™* united 

tive values for the "dtS if 

Table 42.-A.moi tnt and Value of Imports of Sp 

--—-T__^mport.s of Sparkling and Still Wines-.^ 


Quantity, 

thousands of gallons 


Sparkling wines 
Still wines 


1934 

395 

3.463 


Value, 

thousands of dollars 


1936 

1947 

1934 

1936 j 

502 

3,134 

J_ 

242 

1,919 

2,971 

10,212 

3,444 

8,021 


1947 



Imports for 


I he 1947 data were obtained from US Bur r 

Consumption of Merchandise. 1947. ' ^*"*“*- Report 110 

Duling the calendar year 1Q47 iKra tt -a 
gal. of Champagne, worth U 610 373 cW imported 181,974 

858.281 gal. of Vennouth! ’wf 1 « 1^7 nf" . 

France, and Argentina. In addition Inr ' ' Principally from Italy 

imported, particularly from Europe and SouTif 

rnt:ef f P=on of still wine 

Tpir; of“tfs‘pf iaT'tir 

most of the still wine manufactn IdTf hf nf ‘ Pl-oduees 

follows California as the second most imf ta„I't t ^ork 

.'ears 1937 and 1946 is as indicated ifTabte I? '5-“' 

' Ibid. 

^ Goresline H F Vr*f ITT- 

ofAgr., mimeographed’sheets, °i 936 .“^ ^’^^^nufacture in the United States, U.S. Dept. 
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Table 43. —Production of Still Wine and Number of Bonded Wineries in 
Leading States and in the United States, Fiscal Years 1937 and 1946‘ 


State 


(’alifornia. 

New York. 

Washington. 

Oregon. 

Michigan. 

Ohio. 

Cteorgia. 

Total, United States 


Production, wine gallons^ 

Bonded wineries^ 

1937 

1946 

1937 

1946 

115,338,166 

365,008,818 

630 

413 

3,147,822 

4,650,147 

123 

113 

956,860 

3,094,395 

35 

23 


2,873,479 


22 

479,609 

925,263 

11 

11 • 

755,175 

752,539 

130 

102 

334,815 

600,866 

12 

4 

122,045,241 

379,935,981 

1.206 

880 


1 17.5. Treas. Dept., Anntial Report of the Commissioner of Internal Revenue, 1937 ami 1946. 

2 Includes distilling materials (substandard wines produced with excessive water or 

materiaLs). 

* Number operated during any part of the year. 


residue 


T.\ble 44. —Production of Sparkling Wine, Fiscal ^ ears 1937 and 1946* 


Oa a 

Production, half-pint units 

Stato 

1937 

1946“ 

New York . 

4,6.52,321 

19,276,246 

C^ftlifornia . 

1,531,358 

13,664,356 

Npw .Tersev . 

1,502,366 

3,918,110 

\ri<^MOiiri . 

984,022 

1,447,738 

Ohio. 

736,705 

1,677,353 

\Ttf»}nornn . 

171,745 

432,996 

WflKhlnfrt.on . 

41,312 

T^pnn^vl vfl nifi ..... • 

2,696 


. 

1.52,.589 

Tnfnl Ignited States . 

9,622,525 

40,569,388 

___ 




> 17.5. Treas. Dept., Annual Report of the Commissioner of Internal Revenue. 1937 and 1946. 
2 Includes production of 661.386 units of artihcially carbonated wines. 


Chemical Composition of Wines.—In Table 45 are shown the chemical 
analyses of some wines of American orisin made by wine makers receiving 
awards at the Paris Exposition during the year 1900. The data presented 
in the talde were compiled and computed from the analyses given by 
Wiley For further details, the reader is referred to the publications of 
Amerine (1947), Amerine and Joslyn (1940), Joslyn and Amerine (1941), 

and Amerine and Winkler (1944). 

Volatile Acids.—Acetic and propionic acids are the volatile acids fount 
in sound wines. Acetic acid is the principal volatile acid of young wines. 
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but old wines contain traces of propionic acid in addition.* Formic acid 
is usually found in di.seased wines, together with acetic acid. 

Fixed Acids.—Tartaric, malic, and tannic aci<ls are constituents of 
the must and are, therefore, present in the wine in varying proportions. 
Much of the tartaric acid is removed during the manufacture of wine, 
especially during the Hning process.- 

Citric acid® is found in some grapes and in some wines. Succinic acid 
is produced in very small quantities during yeast fermentation. I’hos- 
phoric acid is a natural constituent of wine. 

Wine Manufacture.—Although the fundamentals of wine making are 
similar in all three of the principal regions in the United States, method.s 
vary to some e.xtent in the ditferent regions owing to the varieties of 
grapes used, the climate, and other factors. For example, a lower 
temperature may be used in the pasteurization of wines produced in the 
eastern portion of the United States on account of the greater acidity 
of the wine. 

In view of the magnitude of the industry in California, special atten¬ 
tion will be devoted to discussing wine making as it is practiced there, 
illustrating with a description of the production of red wine. 

The reader desirous of securing additional knowledge of \rine making 
will find niunerous references at the end of this chapter, which should 
prove to be both interesting and instructive. 

The Manufacture of Red Wine. Outline of the Process- 


f>elected 


grapes of the proper maturity are crushed and stemmed; treated with 
sulphur dioxide, or a sulphite, or pasteurized; and inoculated with a 
starter containing a pure culture of yeast. After a short fermentation 
period the wine is drawn off, placed in storage tanks for further fermenta¬ 
tion, racked, stored for aging, clarified, and packaged. 

Details of the Process. 1. the gr.vpe.— The production of a fine mne 
may be regarded as commencing with the selection of the best variety of 
grape for use in its manufacture. Bioletti^ recommends the following 
varieties of grapes for the production of red wine: Beclan, Blue Portuguese, 
Cabernet Sainngnon, Carignane, Gros Verdot. Merlot, Mondeuse, Petite 
Sirah, Serine, Tannat, and Zinfandel for the coast counties of California: 
and Barbera, Grenache. Gros Mansenc. Lagrain. Pagadebito, Refosco, 
St. Macaire and Valdepenas for the interior valleys of California. 


> Morris, M. M., Volatile .\cids of Vine, Ind. Eng. Chem., 27, 1250 n 935;. 

* VooDM.\N, .V. G., “Food .\naly.sis," 3d ed., McGraw-Hill Book Company, Inc., 

New York, 1931. . . .. 

> Vinton. L., and K. B. Vinton, “The Structure and Compo-sition of Foods, 

^ ol. TI. John Viley & Sons. Inc., New York. 1935. 

^ Bioi.eiti, F. T., Calif. Agr. Ext. Circ. 30, Ro%ised, 1934. 
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Amerine and W inkler* recommend the varieties shown in Table 45a for 
regions in C alifornia. The relative value of some white and red varieties 
of giapes for table and dessert wines is demonstrated in Table 45b. 

The quality of the grapes of a given variety will depend upon the con¬ 
ditions under which they are grown-soil, climate, and other conditions. 

Grapes should be gathered at the proper stage of maturity. In order 
to detei-mine the degree of maturity, representative bunches of grapes 

r2rL 2 ’-“k ,1 " dele, mi,.ed. A readfng 

Smpes when they 

tire tit the optimum stage of maturity.“ 

2. HANDLING THK GRAPHS— In gathe,ing the g,apes and transporting 

them to the winej, the pr.me puipose should be to have them arrive in 

the very best cond.t.on possible. The g,apes should be picked with care 

placed m clean containers, and protected f,om deterioration. Careful 
supei\ibion of the handling of grapes is essential 

machinT^'T'' crushed and stemmed by 

machine. The chemical composition of the metal used in the construe^ 

n of this machinery and other eciuipment about the winery is imoor 

ant. Iron and steel are used in some wineries but are undesirable^fn 

they may cause clouding of the wine, forming so-cal^l "f^ri ea s " 

Stainless steel, nickel or inconel should Tu^d 

ordinary steel, and many bronzes. Preference to iron, 

If the grapes are not picked when cool it rIoci.-vi i + 
cool overnight before they are crushed. ’ ^ ® 

4. TREATMENT BEFORE FERMENT 4TTnv_ C' 

surfaces a varied flora of microorganisms—contain on their 

It is quite possible that the juice of 

vine without any special precautions but n ^ Produce a good 

afford to gamble in respect to the quality of Hfc"'I '“"“u 

to ensure the quality of his final nrnf?nr.+ i 7 ^ •uuch 

-ia .. - 

added per ton of crushed grapes, the‘QuantitT‘'™iT‘“'’'™''’‘’'‘'‘'“i® 

' .\mer,n-b, m a and A T tv ' lined depending on the 

■JOSLVN, M, A.,a’nd tV. V Chums CaW 

■fW. 88, November, 1934. 


Table 45a.—R ecommended Varieties of Grapes for Regions in California^-* 
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Pasteurization may be used in place of sulphites but is not usually 
considered to be so desirable. 

5. THE FERMENTATION. —The selection of a yeast, the nutrient sub- 
stances in the must (grape juice), the concentration of the sugar, tl^ 
acidity, the oxygen supply, and the temperature are factors that must be 

supervised in respect to fermentation. 
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«• Havi^horst, Food Ind.., 20 (No. 4): 523 (1948).] 

Saccharomyces ellipsoideus is the veast used for f 

must. Selected strains, such as the Bu gundy or TokavT " 

f W- used. Many strains, bearing different nLi 

pasfeurdi::t':ruT:t/:rcu\’’“''^ i'ecteT;"ast. 

the magnitude of which shniil I medium m preparing the starter, 
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It is usiiully unnecessary to add any substances for the nutrition of the 
yeast since the crushed grapes are an atleciuate source of supjjly. ()n rare 
occasions ammonium sulphate or phosphates may be added. 

Joslyn and Ouess* state that the oj)timum concentration of sugar is 
22° Balling. The use of much higher concentrations of sugar favors the 
production of more than 13 per cent of alcohol by volume. Since alcohol 
tends to inhibit the fermentation when present in concentrations of 13 to 
15 per cent by volume, a maximum of 13 per cent is usually desirable. 
The concentration that actuallj' inhibits fermentation depends in part on 


the temperature of fermentation, the tolerance of the yeast for alcohol 
decreasing with increasing temperature. The approximate concentration 
of the alcohol that will be produced in the wine can be predetermined by 
multiplying the Balling reading of the must by 0.575. 

It is permissible to reduce the concentration of sugar in must by the 
addition of water.^ Another practice is to mix the juice with the high 
sugar concentration with a juice of low sugar concentration. Occa.sion- 
ally sugar may be added to must. 

Grapes that have been permitted to become too mature are frequently 
of low acidity. Fruit acid—tartaric, citric, or malic acid.s—may be added 
to restore the normal aciditv. 

A large supply of oxygen is essential for the rapid multiplication 
of yeast cells and the starting of the fermentation, as stated under 
yeast manufacture (Chap. IX), while the later stage characterized 
bj’’ alcohol and carbon dioxide production rather than growth proceeds 
best under nearly anaerobic condition. 

Approximately 6 hr. after treating the crushed grapes with .sulphur 
dioxide or sulphite, the starter is added. Thereafter the contents of the 
tank are mixed, or stirred, at least twee a day, except during the main 
fermentation, to facilitate aeration, temperature equalization, and the 
extraction of color and tannin. X'ormally a “cap” forms on the surface 
of the fermentation vat. which contains grape skins, pieces of stem, seeds 
and other suspended matter. To mix the contents of the tank, one may 
punch down the cap or pump juice from the bottom of the vat over the 


surface of the must. 

The amount of aeration produced by mixing the contents of the tank 
is determined by the effectiveness of the procedure and by the frequency 
at which the operation is repeated. Provided that the fermentation is 
slow at the beginning, or near the end of the incubation period, the supply 
of oxygen may be increased by more frequent mixing of the contents of 


' ■ O. V. 

‘Chvess, W. V., “The Principles and Practice of tMne Making,” The Pub¬ 
lishing Co., Inc., Xew ^ork, 1934. 
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the v».. 1 lo«f ver. , he mus, should no, Ik- oveiaemu-d during fennenta- 

non. for overaerai.on ,s hkely produee a nine of inferhn- quali ^ 
e-pe.'adly insofar as color and flavor are conierned. ' ’ 

Fernientation should Ik- carriwl on, at carefully controlled tempera- 
turt*s. I he hnest wines are produced peia- 

s.i'F 1 T*! 1 I ‘ O'liiperatures lielow 

M K (2iAt.). Ihe development of horn,net and aroma are favored 

i -ound 7^,:! 

■>l I , •looi’c ; '‘'•“"I'le. A temperature range of 70 to 

ijrr ^ ,7., I ."'lien the temix-rature rises io SflT.' 

cially c,K,h.d; " Tem|I!.rrturl! ahove W^'r( 35 "C ) aret '‘'''7''^ Y 

.TTcl'T . 'Vine is i,'.paired tt^ioilrv' 

.t to., low tem|n.ratures, the fermentation is too slow t., he practical 
degre,'I7uhri7m!ol77t'7tr,'7ht77''^ "■n'lfratme ami the Hailing 

of-he wine n,:; i:; fo,lon;d ... .. 

factory* and then draws off flip V • content are sati.s- 

•loes not Wait for all the n ^'cparate it from the pomace. Ife 

‘>ff the wine, the Halhl ^^t-awing 

'''^vi>ahletomi.\ the wineclrawn ofT*r‘'fre^ ^ considered 

from the p,.niace. for the latter i.s of lowe;"";;;;":; ' 

An atm!::ph:;t^!;;"":, — ‘-h.,n dioxide 

•nhihit the development of aceti,' "‘‘‘c tends to 

of mienakrganisms. I'he fermentuMe ^crohic types 

'■ ..re In, r. ;;t7; 7 ^ 

'h- .vist mi7 [nen7'-7"h7,:r 'f'"’ ^ 

^ RO Ktvr -I, ' '"""P'"'' ll»- "ine. 

I«RV or .sciimem' T ■" "'r'!"' “If "f »"■ "ino from 

^ schment. j,,tartrate tKIIC.n.,,., f,.. cre,.7 r 
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tartar, is found in the lees. This substance is less soluble in alcohol ihun 
in water and precipitates out more rapidly at low temperatures. 

Wine is racked to facilitate its clearing and to prevent unde.drable 
flavors from being extracted from the old yeast. 

8. 8TOR.\GK -\ND AGi.VG. —Two important changes take place during 
storage and aging: clearing of the wine and the development of flavor. 

In a new wine there are present substances which, if not removed, will 
produce a sediment and probably cloudiness. These substances include 
tartrates, certain proteins, and other matter. Naturally these substances 
would be removed by racking and filtration during a somewhat long 
storage and aging process, but the modern trend is to hasten the removal 
of these substances by methods that involve flash pasteurization (to 
precipitate certain proteins), cooling to room temperature and then to 
24 to 27°F. ( — 4.44 to —2.78°C\), and holding at the latter temperature 
for a few days. Filtration is carried out in the cold. Since the acid 
content of the wine is frequently rediu-ed by the foregoing rapid process 
it is customary to adjust the acidity with citric or tartaric acids, the 
former acid being preferred. The wine is placed in tanks for aging. 

Wine storage tanks are generally constructed of white oak or redwoo<l, 
white oak being the better of the two. The tanks are completely filled 


with wine and sealed to prevent the acce.ss of large quantities of oxygen, 
which would favor the growth of acetic acid bacteria and Mycoderma vini 
(wine flowers). Some wine is always lost through evaporation. C'on- 
sequently, the tanks should be inspected regularly and kept filled with 
wine. Periodically the wine is racked. During racking and filling, 
especially, carbon dioxide is lost while some oxygen is absorbed. A small 
amount of oxygen accumulates in the headspace over the wine. 

Flavor, which is due to a combination of taste and odor, is developed 

in wine as a re.sult of oxidative changes and ester formation. 

Aging proceeds slowly until oxygen becomes available in small 

quantities. It is inhibited by the presence of large quantities of carbon 
dioxide, by sulphur dioxide, and by the exclusion of air. New wines 

stored in airtight bottles do not age properly. 

.\lcohols, aldehydes, tannins, and other substances present in the wine 

are oxidizable. Alcohols may be converted to aldehyde and subsequently 
to acids by oxidation. Aldehydes form acetals with alcohol. 

Combinations of alcohols with acids give ri.se to esters, which are 
important in the production of aroma or bouquet. .4Jthough opinions 
differ concerning the importance of esters, it is recognized that the nature 
of volatile esters is of greater significance than the quantity.* The esters 
of acetic acid contribute much to the flavor and bouquet of wme. 


' Nelson, E. K., Food ReseoTch^ 2: 221 (1937). 
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Ihe tune required for aging varies with the type of wine and tin* 

conditions. A dry wine may require at least 2 years. Some fine wines 
are aged for 5 or more years. 

over a period of 

time, but resoit is frequently made to the use of finings followed by filtra¬ 
tion, heating refrigeration, or combinations of the foregoing. Fining 
agents, which include such substances as casein, gelatin and tannin 
bentonite (on\yoming origin, if possible), isinglass (fish protein from the 
stmgeon), j^hite of egg, and Spanish clay, are mi.xed with the wine care¬ 
fully accoidmg to direction, or preferably after laboratory tests have been 
earned out with small portions of the wine and the fining agents. The 

improper use of some of the fining agents may in itself he a r* f 
clouding of the wine. ^ ^ 

realfk rlferredTo-fhrp 

Crael a„,H„Th» """P * -''“king ■' l,v 

Cruess and to the more recent publications on this subject ^ ^ ' 

PACK.4GING.—The clarified wine is placed in oak barrels for bulk 
sale and in bottles or in cans for unit sale. 

at 14 o‘f? P^^te-riaed for 30 min. 

in >^ich r/eIt"™ 1“ ^-oo^Sanisma. 

d« of wine ™ of tlirertl tteri”:: 

orgasms, and thoae caused by facultative anaeX or^artber'"'"' 
wines rLteTp, 

These microorganisms grow well in wine in tho n 7 “ bacteria, 

cause no trouble if the Le is carefn iTs . 'Phey 

andstorage. They are most likelv ( b ‘'“"ng its manufacture 

tion of mL, if the canrno nlVlT 7“™ 

Storage of wine if theint ‘'p™ frequonlly, and during the 

Mycoderma ’vini (wine flowemlorls* “"'n 
and attacks the e.xtract, the alcohol and n ” n' "'“p 

Acetic acid bacteria Will pit:! " 

oxygen, unless they are destrnvpu ^ ^ ^ presence of 

activities are discussed in the chapter^rvinTgar 

WSEASE.-The tet "luttlLidrdf ™- tourxe 

causing the disease or the colit^orer 

* Saywell L. C,., Ind. Eng. Chem., 27- 1245 

• V., i^ruit Products Jour., 16 : 40 (1935) 
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these bacteria.' Tourne is considered to be the most serious disease of 
wines and one of the most common.- 

The organism is an anaerobic bacterium, which occurs as long, slender 
rods. It maj'’ be found in red or white wines, or in fortified wines with an 
alcohol content of 20 per cent or greater. It grows best, however, if the 
alcohol concentration is not too great. Sugar and other nutrient sul)- 
stances favor its growth. It is likely to develop in wines “stuck” due 
to high temperatures. It is inhibited slightly by tannin but very strongly 
by sulphur dioxide and metabisulphites. 

Tourne is indicated* by increasing volatile acidit}^ by decreasing fixed 
acidity, by a “silky” type of cloudine.ss, and, when the condition has 
progressed well, by an odor and taste that is termed “mousey.” 

Tourne may be detected by a microscopic examination of the sedi¬ 
ment, obtained by centrifuging a sample of the wine, or by analyses of 
the wine for volatile acids. If the maximum amount of volatile acid 

14 for red wine or 0.12 for white wine—has 


—0 


been produced or exceeded, then there is good evidence that the wine may 
be infected with tourne. Taste may also be of some assistance in its 

detection. 

The judicious application of sulphur dioxide, 75 p.p.m., to wines, or 
pasteurization; the use of a high degree of cleanliness about the plant; 
sterilization of equipment with steam when necessary; and rigid labora¬ 
tory control should lower the incidence, or prevent, tourne disease of wine. 
A pasteurization of bottled wine at a temperature of 145°F. for 30 min. 

is veiy effective in preventing tourne. 

Once wine has been infected by tourne, it should be made brilliantly 

clear by filtration with selected infusorial earths, or by clarification with 
bentonite followed by passage through germproof filters.'* Sulphur 
dioxide, or its equivalent of metabisulphite, should then be added to the 
wine in such quantity that its concentration will be maintained at 75 
p.p.m., or greater. All equipment that has been infected should be 
treated with live steam or a suitable disinfectant to destroy the source of 

infection. . , r • 

L.\CTOB.‘VCiLLUS HiLGARDii. —Spoilage of some dry' wines in C alifornia 

has been caused by Lactobacillus Hilgardii,^ a nonmotile, nonsporulat- 

ing rod, w'hich produces lactic and acetic acids. A silky cloudiness 

is produced, while the flavor is affected and becomes somewhat 

“mousey.” 

1 Cruess, W. V., The Tourne Disease of Wine, Fruit Products Jour., 14:198 (1935). 

* JosLYN and Cruess, loc. cit. 

^ JosLYN and Cruess, Ioc. ciL 

* ('RUEss, W. V., Fruit Products Jaur., 14: 198 (1935). 

6 Douglas, H. C., and W. V. Cruess, Food Research, 10: 113 (1936). 
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alwmtol (m.wxitk) for.\iixg h\ctkri\ _t • 1 

volatileacid. lactic acid, and mannitol ((\H V) ) f 7 ^ P'^^uce 

.e,n,.™,ure of fermen.a^.f wolnaTofr 

addi,io„ „f ci.rU. or ,Xrir " i"- 'I- to ,l,o 

SLIME FOKMIXG HArTEHiA—Infected wiiiP I 

• loudy. Slime formation occurs chiefly in whit 

wines in closed containers. I'lie occurrence f -i^ usually young 

wine i.. not common and mav be prevented bv^ »>acteria in 

in this substance and bv us<> of sulnhiir’ wines low 

other r u-terial DrsE\sEs 4 w «^etabisulphite. 

..destroyed by pasteurization, mav cause ch 1.7*' 

Hitter wines may la* caused bv tl . 'u white wines, 

while a .sour wine may result froni thrgmwth 'oH 

hfftrtx Sot (’uus,f/ In, 1 /; ^ lactic acid bacteria. 

'•ausiHl by metal.^ onzynie.s/an7tTe77''-''^~*^'’^^^^^ in wines may be 
iron is a cau.se of cloinling in wine7*’Two'difr^/T^^''’'’ iin'^Kagents. 

an* producisl by iron; one is known a • I l. -L- 1 tinfects 

"ther ;i.v white ca.s.se. or ferric ca.s.se; the 

f'rrnr ra,ssr is hi- *1 

in (ho uino arui i>vK^ay.hlu(« 
wiiib* wines. e.s,,<.eiallv. Iron forms . '''’ii'od 

-oloring matter of red wine. On^ and 

ifrric ion.> from ferrous ions. ‘ ^ facilitates the formation of 

Projier typ.. of rtal^JinTildu^^^^^^^^^ ‘'onstructed of the 

The.lefert mavU-tre . ' P^r cent citric acid 

is oxidize to t 

■7 -trx7f 

anil then gelatin. Settling is pennitted 
^rt to iron phlrph^t^"^ if Zrur^Tn thT' ' ^ P''^‘ *Pit^<o is due 

•’Oihned al»ove for ferric ea>se. 'h'te uuie. Treatment is as 

Pruluced by certain 7717X11 '''' 

. ;i— aa.1 Ch. >:s, ,,, ^^rown 

aj- b. (,., /„</ f'h^rn . 26: 379 119.34). 
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and the color to be precipitated in red wines. Sulphur dioxide inhibits 
this oxidase, while pasteurization at 180°F. destroys it. 

Other Defects. —Tin, tin salts, copper, aldehydes, or excessive quanti¬ 
ties of gelatin may cause clouding of the wine. For a further discussion 
of this subject the reader is referred to the publications of C'ruess and 

other workers. 

Coatings of Wine Tanks.—Concrete tanks are used for the fermenta¬ 
tion of must and the storage of wine, but they must be lined to prevent 
an undue amount of calcium from being dissolved by the wine. Steel 

tanks should be lined to prevent the solution of iron. 

According to Cruess^ and his associates one effective method for 
coating concrete is to treat the concrete first with a 0.5 per cent, then a 
25 per cent, solution of tartaric acid. An insoluble calcium tartrate foims 

over the surface of the tank. 

A mixture of 25 per cent Gilsonite and 75 per cent paraffin produces a 
protective coating for concrete and steel. Such linings are easily applied 

and not expensive. 

Bass-Hueter black enamel gives good results* with both steel and con¬ 
crete. A coating of paraffin over the enamel gives even better protection. 

Standards of Identity for Wine.-—The Federal Alcohol Administra¬ 
tion has set up standards of identity for wine, the text of which follows: 


Article II. Sec. 20. Application of standard.^.—The standards of identity for 
the several classes and types of wine set forth herein shall be applicable to all 
regulations and permits issued under the act. Whenever any term for which a 
.standard of identity has been established herein is used in any such *-eg«lation 
or iiermit, such term shall have the meaning assigned to it by such standard of 

^^21. The standards of i*nl%.-,Standard» of identity for the several 

olaesea and typos of rvinc set forth herein shall he as follows: 

Class 1 wine.— (a) “C.rapo wine” is wine produeed hy the noimal 

aleoholic fermentation of the juice of sound, ripe srapes (includme ■'“'j™';'' 
unreshired pure opudenserl grape must), with or without the . 

wit SLTr 

wlm irtiw treatment, ProvUlcd. That the product may be ameliorated before. 

. ennss, W. V., T. Scoa-r, 11. ft. Sm.tu, and I- M. C-u. Food ffcrarcfi, 2: 385 

Dept, of Ihc Treasury. Federal .Meohol Admiuislr.lion, Hegul.tion, 4, 
Amendment 2, Washington, Aug. 22, 1938. 
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alcoholic content, derived by fermentation, of more than 13 per cent by volume 
or a natural and content, if water has been added, of less than 5 parts per thou 

more than 11 per cent by weight. ^ ^ 

separately or in combination, not more than 11 per cent bv 
weight of dry sugar, or not more than 10 per cent by weight of water 

=, I k ' voliitile aridity, calculated as acetic acid and exclusive of 

aiiphi" dioxide, shall not be, for natural red wine, more than 0.14 gram, and for 

shin?'ui™;‘-e 

matter oul'e‘:k;ns"j”ife,rruiroTgm“ 

•MigM\vld;?lire"ri' “'«'!* ‘"■“P' red tvine," and 

Idtr :em “‘‘■“"o'- excess of 

. (/) ■^4ngelicl’^.mali:a,‘“ 

Avine containing fortifyiiieeranesDirits nr hh’i i i giape 

and characteristics generally attributed , ''i'. “ ‘“'‘e. moma, 

content of not less than ,8 perby ™lu^^^^^ 

added’ aSXl; "''“P' “P*"*' 

to this product, and an alcoholic content 0 ^ 0 ^^ ft""*',"" attributed 

W "Light port” and "St sherr^’ aTe ^ 
fortifying grape spirits or added alcohol, ha^dStL tastT^ ‘'ontaining 

alcoWc content of more than 14 per cent by volu^' and an 

"sparkling ,vine^ "sZrkZ^reT wine "’ani "'™ ” 

mne made effervescent with carbon dioxide resul tefs”f i T' ^''“PP 

(b) “Champagne” is a uZ tf « J t f ’ 
effercxiscence solely from seconda^^ fementeH*^^^ M 

containers of not greater than one galloTcaprcitv In 1 I t' " ^lass 

aroma, and Other characteristics attributed to chnm ^ Possesses the taste, 

pagne district of France. Pagne as made in the cham- 

(c) A sparkling light white wine having the tf,«f« 

pnerally attributed to champagne but Zt oft characteristics 

or "champagne" may, in addition ttt lot 

sparkling wine," be further designated as "ch designation 

mately one-half the sise of the rSs'?~ re."“'‘ “ ~ 
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('hiss H. CarbonaUd yrdpt witi>. (a: "('arlM»nato«i Kra|»o wine" .inrlndinK 

"carhonatod wine," ‘‘carhonatoil risl wine," and ''rarlnmaUHi white wine' i i^ 
HraiM* wine made effervcseeiit witli earlxm tiioxide other than that rer-ultind sjilriy 
from tlie secondary fermentation of the wine witlnn a closixl conUiner, tank, or 

l>ottle. 

(’hLS.s 4. Citrus xrinc. {it) “Citrus wine’’ or “oitnis fruit wine” is wine prt>- 
dueed liy tlie normal alcoholic fermentation of the juice of >ound, ripe citrus fruit 
(includinji restored or unrestored pure condensixf citrus must ), with or without 
the addition, after fermentation, of pure condenstxl citrus must, and with or 
without added fortifying citrus spirits or alcohol, hut without other addition or 
abstraction except as may occur in cellar treatment. /Voctdcd. That the pn»duct 
may be ameliorated before, during, or after fermentation by adding, separately 
or in combination, dry sugar, or such an amount of sugar and water solution as 
will not increase the volume of the resulting protluct more than 3o |>er cent, but 
in no event shall any product so amelioratetl have an ah'oholic content, derive*! 
by fermentation, of more than 13 i>er cent by volume, or a natural acid content, 
if water has been added, of less than 5 i)art8 v>er thousand, or an unfermente*! 
residual sugar content, derived fnmi added sugar, of more than 11 per cent 

by weight. 

The maximum volatile acidity, calculat*'*] as acetic acid aiui exclusive of 
sulidiur dioxide, shall not be, for natural citrus wine, more than 0.14 gram, and 
for other citrus wine, more than 0.1‘2 gram. i>er 100 cubic centimeters 

(6) “Light citrus wine” or “light citrus fruit wine” is citrus wine having an 

alcoholic content not in excess of 14 i>er cent by volume. 

(r) “Natural citrus wine” or “natur.al citrus fruit wine” is citrus wine con¬ 
taining no fortifxing citrus spirits or adde.1 alcohol. 

(d) Citrus wine derived wholly (except for sugar, water, or a*lde*l alcohol) 

from one kind of citrus fruit, shall l>e designate.! by the word “wane 
bv the name of such citrus fruit, c.g., "orange wine.” "grat>efriut wine. ( itru.' 
wine not derive.1 whollv from one kin.! of citrus fruit shall be designated as citrus 
wine” or “citrus fruit wine” qualified by a truthful and adetjuate statement of 
composition appearing in direct conjunction therewith. Citr^-. wine rendered 
effervescent bv earlxm dioxide resulting solely from the .secondary fermentation 
of the wine within a close.! container, tank, or !x>ttle shall l.e^rther d^^^te.! 
lus " spjirkling ”; and citrus wine rendered effervescent by carbon dio.xide other 

w ise derived shall be further tlesignate*! as “ carlwnated. 

Class 5. Fruit tnnc.-{n) “Fruit wine ’ is wine .other than grape ww*k 
ritru. wine) vroduce,! l>y the nornn.1 sleoholic (ennent,tinn of the 

"rho™t the addition, after femrentatiun. of pure conden^ 'T,r'.d^i„ri 

con.nna,ion, diy tuRar, or ruch an amouiU of ^URar and ^ 

n no tent ahall any product ao ameliorated have an alcohohc content, dented 
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by fermentation, of more than 13 per cent by volume, or a natural acid content 
if watei has been added, of less than 5 parts jier thousand, or an unfermented 

maximum volatile acidity, calculated as acetic acid and exclusive of 

othl 7 f' uit wine, more than 0.14 gram and for 

othe frm wme, more than 0.12 gram, per 100 cubic centimeters (20^C.); 

\ «T produced from berries. 

of .4 o'ent* *" 

or iL'AoW. ™ fruit spirits 

fro,n:t:;:rfrS,,tt^^^^ 

“lierrv\vine” .,«fVr. . ^ designated as “fruit wine” or 

of conipositi;n appeal; 7!^ statement 

If lacking in vdnous taste, aroma, and chL^a^teSieT"^ 

efferA'escent by carbon dio.xide resultimr soIpIv r ! ^ rendered 

of the wine within a closed container tank o hTIl u fermentation 

a« “sparkling-; and fruit d nk '* '"‘k'-' *«gnated 

wine She" thlrgrXXT eXXe 

aleohuhc fermentation of sound fcmientable ir'^f *ko normal 

or dried, or of the restored or unrestored puS 7 f "'“‘‘“'•ts, either fresh 
addition before or during fermentation of a voiunXf ‘ko 

with or rvithout the addition, after feXntnf"' f “ "“'k products, 

w.th or without added alcohol or such other foriifi-and 
re character of the product, but without other ndd'p"^ spirits as will not alter 
may occur in cellar treatment. ProvideJ That the a S-™Pt as 

f oie, during, or alter fermentation by addina “ay be ameliorated 

the volume of the resulting prodiictTora ttX" *"Xe 

of more than ,3 per cent by vo ume o 'TX ky fermenX„? 

Lot 1 * kartSKr thX d "o 1? '' kTn' 

-- other .„e of this cl.s, more thanX.'r “r' iToXXn'tLXs 
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(b) “Light” wne of this class is wine having an alcoholic content not in 
excess of 14 per cent by volume. 

(c) “Natural” wine of this class is wine containing no fortifying spirits or 
added alcohol. 

(d) “Raisin wine” is wine of this class made from dried grapes. 

(e) “Sake” is wine of this class produced from rice in accordance with the 
commonly accepted method of manufacture of such product. 

if) Wine of this class derived wholly (except for sugar, water, or added alco¬ 
hol) from one kind of agricultural product shall, except in the case of “sake,” be 
designated by the word “ wine ” qualified by the name of such agricultural product, 
e.g., “honey wine,” “raisin wine,” “dried blackberry wine.” Wine of this 
class not derived wholly from one kind of agricultural product shall be designated 
as “wine” qualified by a truthful and adequate statement of composition appear¬ 
ing in direct conjunction therewith. Wine of this class rendered effervescent 
by carbon dioxide resulting solel}'’ from the secondary fermentation of wine 
within a closed container, tank, or bottle shall be further designated as “spark¬ 
ling”; and wine of this class rendered effervescent by carbon dioxide otherwise 
derived shall be fuither designated as “carbonated.” 

Class 7. Vermouth. —(a) “Vermouth” is a compound ha\dng an alcoholic 
content of not less than 15 per cent by volume, made by the mixture of extracts 
from macerated aromatic flavoring materials with grape wine containing fortify¬ 
ing giape spirits or added alcohol, and manufactured in such a manner that the 
product possesses the taste, aroma, and characteristics generally attributed to 
vermouth. 

Class 8. Imitation, concentrate, and substandard wine. —(a) “Imitation 
wine” shall bear as a part of its designation the word “imitation,” and shall 

include: 

(1) Any wine containing synthetic materials. 

(2) Any wine made from a mixture of water wdth residue remaining after 

thorough pressing of grapes, fruit, or other agricultural products. 

(3) Any class or type of wine the taste, aroma, color, or other characteristics 
(jf which have l)een actpiiied in whole or in part, by treatment with methods or 
materials of any kind, if the taste, aroma, color, or other characteristics of normal 
wines of such class or type are acquired without such treatment. 

(b) “Concentrate wine” shall bear as a part of its de.signation the word “con¬ 
centrate,” and shall include any wine made from must concentrated at any time 

to more than S0° (Hailing). 

(c) “Substandard wine” shall bear as a i)art of its designation the word 

“substandard.” and sliall include: 

(1) Any wine having a volatile acidity in excess of the maximum prescribed 

therefor in this article. •, i • ii • 

(2) Any wine for which no maximum volatile acidity is prescribed in this 

article, having a volatile acidity, calculated as acetic acid and exclusive of sulphur 

dioxide, in excess of 0.14 gram per 100 culiic centimeters (20°C.). 

(3) ,\riy wine for which a standard of identify is prescribed in tins article, 

which, through disease, decomposition, or othenvise, fails to have the com- 
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sary to correct cloudiness, precipitation, or abnormal color, odor, or flavor 
developing in wine. 

(5) Treatment with constituents naturally present in the kind of fruit or 
other agricultural product from which the wine is produced for the purpr^se of 
correcting deficiencies of these constituents, but only to the extent that such 
constituents would be present in normal wines of the same class or tj’pe not so 
treated. 


Sec. 23. Gra-pe type designations. — (a) A name indicative of a variety of 
grape may be employed as the type designation of a grape wine if the wine 
derives its predominant taste, aroma, and characteristics, and at least 51 per cent 
of its volume, from that variety of grape. If such tj^e designation is not known 
to the consumer as the name of a grape variety, there shall appear in direct con¬ 
junction therewith an explanatory statement as to the significance thereof. 

Sec. 24. Generic, semi-generic, and non-generic designatio7is of geographic 
significance. — (a) A name of geographic significance which is also the designation 
of a class or type of wine, shall be deemed to have become generic only if so found 


by the Administrator. 

Examples of generic names, originally having geographic significance, which 

are designations for a class or type of wine are: vermouth, sake. 

(b) A name of geographic significance, which is also the designation of a 
class or type of wine, shall be deemed to have become semi-generic only if so 
found by the Administrator. Semi-generic designations may be used to designate 
vnnes of an origin other than that indicated by such name only if there appears in 
direct conjunction therewith an appropriate appellation of origin disclosing the 

true place of origin of the wine. 

Examples of semi-generic names which are also designations for types of 
grape wine are: Angelica, Burgundy, Claret, Chablis, Champagne, Chianti, 
Malaga, Marsala, Madeira, Moselle, Port, Rhine Wine (syn. Hock), Sauterne, 


Haut Sauterne, Sherry, Tokay. 

(c) A name of geographic significance, which has not been found by the 
Administrator to be generic or semi-generic, may be used only to designate win^ 
of the origin indicated by such name, but such name shall not be deemed to be 
the distinctive designation of a wine unless the Administrator finds that it is 
known to the consumer and to the trade as the designation of a specific wine of a 

particular place or region, distinguishable from all other wines. 

Examples of non-generic names which are not distinctive designations o 

specific wines are: American, California, Lake Erie Islands, Napa VaUey, ^ew 

York State, French, Spanish. nf 

Examples of non-generic names which are also distinctive designations 

specific grape wines are: Bordeaux Blanc, Bordeaux Rouge Graves Medoc, 

7t Juliel Chateau Yquem, Chateau Margaux Chat^u Uiite, —h 

Chambertin, Montrachet, Rhone, Liebfraumilch, Rudesheimer, Forster De 

sheimer, Schloss Johannisberger, Lagrima, Lacryma Christi. 

Sec 25. Appellations of origin.-ia) A wine shall be entitled to an appella¬ 
tion of origin \m at least 75 per cent of its volume is derived from fruit or other 
agricultural products both grown and fermented in the place or region indicated 
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V su.li appollafon (2) it has been fully inanufac-turecl an.l finished within sueh 

la(e oi iCKion and (3) it conforms to the requirements of the laws and reaula- 

t ons of such place or region governing the composition, method of rnanufach.L 
and designation of wines for home consumption ‘»>uiacture, 

a. the ,ieei‘:::::rrT,etx:sr,:: ::;;:u;d:rii::.... 

:;r 
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CHAPTER VUI 


THE DISTILLING INDUSTRIES 


The distilling industries are those concerned with the production of 
distilled spirits: rum, whiskey, brandy, gin, and cordials and liqueurs. 

Production Statistics. —Table 46 shows the production of distilled 
spirits for the fiscal year 1946, ended June 30, 1946. 


Table 46.—Production of Distilled Spirits, by Kinds and by States, Flscal 

Year 1946''= 


(Tax gallons) 


State 

Whiskey 

Rum 

Gin 

Brandy 

Other spirits 

Total 





770 


770 

ifnrniQ 

379.607 


313,768 

33,145,469 

1.520.191 

35,359,035 


36,410 





36,410 

r^/\n n f 1 m t f 

46.824 


1,637 

3,746 

52.502 

104.709 





472,159 


472.159 


172,971 



37.322 

105,164 

315.457 






622.306 

622,306 

TIHnnia 

15.969,588 


3,025.709 


19.311.498 

38.306.795 

Tn/4 i o n A 

15.740,714 


1,448,521 


20,462.347 

37.651,582 

T •■t o 

292,586 




15,471 

308,057 

Ic ^ 1 1 A 

63.459.394 

1,141,301 

199,920 


20.456.577 

85.257.192 



66.535 



365,691 

432,226 





8,554 


8.554 

^ f n^x*lo T\ ^ 

9.815.294 


1,138,851 


12,168,851 

23.122.996 


1 796 681 

1.133.203 



3,099.236 

6.029.120 






7.152.933 

7.162.933 


1 698 




18.737 

20.335 

iVlinU6IIOta. 

1.258 , 688 


42,048 


560.821 

1.861.557 

i\ilS6ouri .. 

451.209 


8,844 


753,224 

1.213.277 

IN6W IiaiU{)8llll «•••#•• 




140,062 


140.062 




1,081.945 

51,732 

4,943.095 

6.076,772 


1,235.169 



60,142 

7,016,159 

8.311.470 





223.340 


223.340 

Pennsylvania... 

■ A A Va 1 * 4 

35,340,916 
132 370 

316,541 

236,159 

13,918 

13,214,747 

250.977 

49.122.281 

383.347 

Mb MS A A A A 

117,691 



15.810 

15.881 

149,282 

\t AM 4 

21.317 




379.125 

400.442 

4 f * a. . 

1.085 , 653 



30.267 

322.079 

1.437,999 





213,094 


213.094 

Vll/ift/ttf kTiam 

109,936 




223,142 

333.078 

Total. 

147,464.516 

2,657.580* 

7 , 497,402 

34.416.385t 

113.030.754t 

305,066,637 


I U.S. TreaB. Annual Report of the CommiBBioner of Internal flepenuff, 1946 . k , 

* Production of wliwkey. rum. uin. and spirits by reRistered distilleries, and brandy and spirits y 


fruit dUtillericfl. 

* Inclufieii 1,661,303 tax «al. roinoved for denaturation. 

t IncludoB 7,005.916 tux RBl. of spiriU-fruit. o oqa were 

t Production for beverage and industrial purposee. For industrial 2 . 934.875 tax Ral we 

produced during July; 24.961.923 tax gal. during August: and 2.021.823 tax gal. during Septemb . 
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THE DISTILLING INDUSTRIES 

III- of this table shows that Kentucky, Pennsylvania 

Illinois, Indiana, and .Mandand led the country in the production of 

whiskey (m the order named), while rum was produced principally in 
Kentucky and -Massachusetts. ^ 

Illinois led the United States in the production of gin, with Indiana 
Mar>dand, and -Vew York following in the order named. ’ 

(a if()rnia was outstandingly the leader in brandy manufacture 
while Indiana led in the production of other spirits. ' 

RUM 

••Hum" i, uMmlio .listillate from the fermented juiee of suearenne 
hau ' wTraTn Ivl^rr '""'“■'7' susareane by-products distilled at 

arouur, aud char." tensTics'^ltlir:;;"^^^^^^^ <iiatolate possesses the taste, 
wilely of such distillates.* ^ includes mixtures 

;;r: 

Sb (•mix 0-i ’tr r,I!t'ed Stato/TMlS V' ’’''7“ 

nutmugo, the Leetvard Islands, riuadelupe’, Mexic:,\lmn':‘da,'rd 

sour^S°"''‘°"'~ ‘ ™ras from different 

regular constituents ofb™'’ “Wehydes are 

»Kva,vs found, in trace: aUealut^ S are 

T)rpes. Rums made in the Uniterl --.u 

may be classified as heavy-bodied rums ^ THp"' exceptions, 

generics (acids, esters etc ) that -itp ■. .. 'T contain only the con- 

aging in charred white oak barrels Mo'"Kdistillation and 

prrtof leas than IWfand agtdtrlvera “Ir": Th™™' 

matter added by the distillers. * contain no coloring 

Rums produced out.side the United -.u 

from yert- light bodied to vert- heavy LdiJ fuh,'' 77''°"“. '-aiy 

ntms outside th™ United Stam? w™'“'“^“ »odie1 

■■^•P. of the US T v " ‘“'ded to 

.'far. t, tgag. ' -Mcoho, Administration, Re^„..i„„a 5 

-Ptb P., Fomign and Domestic Hum, gg, 
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Table 47, —Analyses of Some Rims* 
(Grams per 100 liters not oalrulated to proof) 


Proof 

pH 

1 

Total 
acid (as 
acetic) 

1 

1 

, 1 

{Volatile 
acid (as 
acetic) 

! Esters 
(as 
ethyl 
acetate) 

Fu.sel 
oil (as 
amyl 
alco> 
hoi) 

Solids 

1 

1 

1 

1 

1 

, 1 

Alde¬ 

hydes 

1 

1 

1 

1 

1 

Fur¬ 

fural 

i Color in 
0.5-in. 
cell 

> 

Source, comments 

103.0 

4.76 

9.6 

9.6 

16.7 

123.2 

8 

4.4 

0.0 

0.2 

Pennsylvania, new 

103.6 

4.54 

33.6 

26.4 

23.8 

124.3 

48 

4.7 

Trace 

4.0 

Pennsylvania. 0.5 year 
old 

104.8 

4.52 

36.0 

28.8 

26.4 

124.0 

50 

5.5 

0.8 

4.5 

Pennsylvania, 1 year 
old 

107.8 

4.44 

50.4 

40.8 

33.4 

132.0 

94 

6.8 

0.8 

;.o 

Pennsylvania, 2 years 
old 

102.0 

4.28 

14.4 

14.4 

43.1 

102.1 

16 

40 

1 

5.5 

0.0 

Kentucky, new 

104.4 

4.17 

80.4 

67.2 

60.7 

1 

i 108.6 

1 

168 

40 

8.2 

13.5 

! Kentucky, 1 year old 

106 8 

4.28 

88.8 

73.2 

73.0 

116.2 

204 

34.3 

12.0 

17.0 

1 Kentucky, 2 years old 

100.6 

4.68 

38.4 

36.0 

22.0 

91.7 

6 

4.0 

1.2 

0.0 : 

1 Massachusetts, new 

100.4 

4.42 

84.0 

74.0 

29.0 

91.5 

86 

6.4 

1.2 

7.5 

1 

: Massachusetts. 0.5 year 
old 

101.4 

4.37 

93.4 

86.4 

45.5 

93.3 

142 

7.2 

1.4 

11.0 1 

Massachusetts,1.5 yean 

1 old 

102.4 

4.30 

98.4 

86.4 

51.0 

96.8 

162 

7.2 

1.6 

13.0 : 

1 Massachusetts. 2 years 
old 

135.2 

4.07 

184.8 

148.8 

216.0 

450.6 

274 

48 

7.2 

18.0 

Old New England, 
approx. 19 years old 

87.3 

5.03 

13.2 

12.0 

11-4 

49.3 

678 

1.6 

0.1 

14.5, 

caramel 

Cuba, Ron Bacardi 
Superior, gold 

92.8 

8.05 

4.8 

2.4 

44.0 

59.8 

205 

7.0 

0.8 

15.5 

St. Croix cane juices, 
2 years old 

98.6 

4.17 

57.6 

48.0 

59.8 

91.5 

450 

20.0 

4.0 

23.0, 

caramel 

Jamaica, 15 years old 

92.8 

4.32 

62.4 

, 

43.2 

26.4 

1 

1 

68.6 

\ 

• 

1.510 

0.8 

0.0 

34.0. 

caramel 

Demerara 


1 Valaer, P., Foreign and Domestic Rum, Ind, Eng, Chem.^ 29: 988 (1937). 


such rums to bring about the desired characteristics, one of these sub¬ 
stances being caramel for artificial color (not all countries permit these 
additions, however). 

Table 48 gives the analyses of some light-, medium-, and heavy¬ 


bodied rums. 

Production of Rum. Fermentation. —The process for the manufacture 
of rum is similar in many respects to that in which industrial alcohol is 
produced. Methods for the propagation of pure cultures of yeast, the 
building up of a starter, the reaction of the main mash, the concentration 
of the fermentable sugar, the temperature of the fermentation, and even 
the principal end products are similar. Some rums (Jamaica) are made 


by spontaneous fermentation, however. 

In the manufacture of rum, the careful selection of the raw materials, 

the control of the fermentation, proper distillation, and the aging of the 

distilled product are essential for the production of a fine rum. 
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INDUSTRIAL MICROBIOLOGY 


Strains of Saccharomyccs ccrevisiae or of otlier yeasts, such as species 
of Schizosaccharomyces, may be used to pitch (inoculate) the mash. 
Great care must be exercised to maintain the selected yeast in pure 
culture, if the fermentation is to be successful. 

As already indicated, rum is prepared from sugar-cane products. In 
the United States only blackstrap molasses is u.sed in rum manufacture. 
This substance can be purcha.sed at relatively low cost when procured 
in large quantities. It is a product of the .sugar mill after the cry.stalliz- 
able sugar has been removed, and usually contains 40 to 55 per cent of 
fermentable sugar. 


Table 48.—Analyse.'? of Some Light-, Medium-, and Heavy-bodied Rums' 


Grams per 100 liters of 100 proof 


Type of 
rum 

Manufacture 
and location 

Proof 

Total 

acid 

(as 

acetic) 

Eaters 

(as 

ethyl 

ace¬ 

tate) 


Bacardi (Cuba), 
Carta Blanca’ 

SO.6 

9.1 

11.7 

Light 





bodied 

Castillo (Cuba), 
Carta Oriente* 

87.8 

9.7 

7.0 


Ron Rico (Puerto 
Rico), White 

Label* 

82.9 

28. 

32. 

Medium 





bodied 

Bacardi (Cuba), 

*' Extra Superior, 

1873'‘ 

90.1 

53. 

25. 


Wray’s 3 Dagger 
(Jamaica)* 

99.8 

34.0 

66.0 

Heavy 




565. 

bodied 

(Jamaica) for sale 

149. 

141. 


to Germany’ 

1 

( 

1 

1 

1 

1 

1 

1 

• 

1 

• 

1 



Alde¬ 

hyde 

Fur¬ 

fural 

Fusel 
oil (as 
amyl 
alco¬ 
hol) 

Color 

1 

1 

1 

1 Wood 
' ex¬ 
tract 


5.4 

0.1 

65.0 

Light 

Slight 

Bottled for 
sale in the 
United 
States 

7.3 

0.1 

79.0 

Dark 

Slight 

Bottled for 
sale in the 
United 
States 

19. 

0.6 

136. 

Light 

Pre¬ 

sent 

Bottled for 
sale in the 
United 
States 

11. 

0.8 

80. 

Dark 

Pre¬ 

sent 

Bottled for 
sale in the 
United 
States 

18.0 

4.0 

238. 

Dark 

1 

Pre¬ 

sent 

For the Uni¬ 
ted States 
trade. Bot¬ 
tled sam¬ 
ple 

19.0 

5.4 

1 

1 

■ 

114. 

_ ! 

Dark 

1 

Pre¬ 

sent 

1 

1 

High-proof. 
F r 0 m a 
barreled 
sample 


* Courtesy of Dr. Walter C. Tobie. n j u* n 

* Typical of a very Ueht-flavored Cuban ruA. such as is frequently used for highballs and cocirtails. 

> Although the color ih dark, the flavor of this rum U light. 

‘ An early sample (about 1934) for shipment to the United States. 

* ThU is one df the heaviest Cuban rums. The flavor is relatively nch and fruity. 

. A typical Jamaica rum for sale in the United States. The flavor u ^gh. 

I Bui rum. said to have been prepared in Jamaica for the German trade. Note the orce-ivsly 
high Mter value. 
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THE DlSriLLIXG IXDVSTRIES 

A conjniration of molases ,hal contains from 12 to 14 per cent of 
fermentabl^e sugars may be used m preparing the main mashes. Ammo- 
„;um sulphate and occasionally phosphates, may be added as a source 

I uoS; -T'- "hioh may Z 

Sulphuric acid is used to adjust the pll of the mash to 4.0 to 4 7 the 

flavored ™r"X“uro? llrr'pn';” 

and the production of heavv-hojed runm t'cras X‘ 

stcrilZ 'I h,hdr[i’ it l«'™ heat. 

tenlizod to inhibit the development of undesirable bacteria 

. r^jx^:i::srrrrr ' 

s erinentation temperature of about 70°F. (initial) to Qb°F w 

.Vlthough the mam fermentation is nearly complete within 2 H 

A tMlay or 144-hr. fermpm .i , f ‘ l^eing distilled, 

distillery in this country'. ^ modern 

1 he fermented mash is sometimes designated as “beer ” 

rum. ^Ml^resihi?areln^^^ Production of 

^vh.ch are expected to 

s“K:r r't- ~ ~ 

loss than I(i0». “'•« ‘'i»‘i"«l at a proof of 

<.vpe' rir,:Xciti,;ed“'.rtift‘it:r'r 't*' “““"'-p- 

chambered stills, and other modificati„ns“'""‘'' “"''.s, 

to lOO-'TwrWom beT4™ged.'“‘"'*^ ““ “ '■■* ““““''y adjusts 

•icerersi4 fht^ndesirablc'fla^ore VnTf™' '"* '.’’''.‘''"“■acter of rum, for 

‘^nes. Flavor, color, and aroma’ are^ f ’^creasing the pleasant 

mellowed. During the first 6 months n/th the product is 

m esters, acids, solids, and color take olace^ the mam increases 

the quantity of esters u.sually exceeds 1, of tn" "■«>. 
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for less than G months the ratio changes. Indeed, the acid content is 
usually greater than the ester content after two years,* owing largely to 
the acidic products extracted from the wood of the barrel. 

Rum is usually aged in charreil white oak barrels, although some is 
aged in plain cooperage. The aging is permitted to proceed for a few 
months or for several years (in (lovernment bonded warehouses in the 
United States). 

Some rum is “ cpiick-aged ” by placing charred white oak chips in 
the rum before it is stored. Quick-aging may also be accomplished by 
circulating the rum over oak chips. Heat and aeration are sometimes 
used. Quick-aging processes are not particularly satisfactor>', however. 

Government Supervision.—The manufacture of rum in the United 
States and its possessions is carried out under Government .supervision. 
The quantity of raw material used and rum produced are carefully 
measured. The Bureau of Internal Revenue is interested in taxes, and 
the Federal Alcohol Administration in the promulgation of regulations 
concerning standards for identification, such as labeling and advertising. 

Labeling.—According to the Federal Alcohol Administration Divi¬ 
sion,- a bottled rum should contain the following information on the 
label; the class and type, the alcoholic content, the net contents, and the 
presence of “artificial or excessive coloring or flavoring.” A statement 
concerning the age of the rum may also be placed on the label, if desired. 

Uses.—Rum may be used in the preparation of ice cream, candies, 
and mincemeat; in the curing of tobacco; as a beverage; and as a medicinal. 

Definitions and Regulations.— ”New England rum” is rum that is producefl 
in the United States, is distilled at less than 160° proof and is a straight rum and 

not a mixture of rums.* 

Puerto Rico, Cuba, Demerara, Barbados, St. Croix, St. Thomas, \ irgin 
Islands, Jamaica, Martinique, Trinidad, Haiti, and San Domingo rum are not 
distinctive types of rum. Such names are not generic but retain their geographic 
significance. They may not be applied to rum produced in any other place than 
the particular region indicated in the name, and may not be used as a de.signation 
of a product as rum, unless such product is rum as defined [see page 2231. 

Imitation rum—(1) neutral spirits or other distilled spirits which have been 
added thereto or which contain synthetic or imitation rum flavoring materials, 
and (2) rum which has added thereto neutral spirits or other distilled spirits than 

rum are “imitation rum” and shall be so designated. 

^ Valaer toe ext . m 

* U.S. Dept, of the Treasury, Federal Alcohol Administration, Regulations 5, 

Mar. 1, 1939. 

* Ibid. 
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WHISKEY 

According to Article II, Section 21, Class 2 of the Federal Alcohol 
Administration Act, Regulations 5, * 

at Stain distills,I 

r: r ^“ ---- .r rjCL^t 

n-MsK no sresirrlltd:^ ---es iot 

T.. :pr::,rr 

soli ;::’:siirtXr:£c^^^^ 

Sd aTs'‘ r“‘ -it - 

the amvl alcohols LsenUn f f f c respectively, while 

Oil xxxXiioX 

(hattels, Of whlLi*rhi u --P'- 

bourbon whiskeilS Ling “a'* *' 

mash method. The average dat-, f ^iU 4 bj^ the sweet- 

iilso given. The effect nf ‘ ^ bourbon whiskies are 

ponents of whiskey is illusSd!''' The TelnhJZe^ 

5-.?“-S ss‘- “• -“■ - js 

the final product dl^^nd on thi nafure d th^”™^’ characteristics of 
mentation, the method of distillation, and the TJnrprocet 

^Ibid. 

Woonn,, A. O., ..p„od Analyst,.. ed., McGraw-H,,, Book tWpany, ,„s., 
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1. Raw Materials .—Grains are the raw materials from which whiskies 
are produced, the usual ones being lye, corn, wheat, and barley. 

In the United States, rye and bourbon are the principal types of 
whiskey manufacturetl. Rye whiskey is generally prepared from rye and 
^ ^ an lia^rle^ malt. A typical mash may contain 

80 per cent rye and 20 per cent barley malt. At least 51 per cent r>^e is 


Table 49.—Averaoe Analyses of Some Whiskies* 
(Grams per 100 liters calculated to original volume) 
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required by jaw. Rourbon, on the other hand, is prepared from eon, 
maiae or Indian), barley malt or wi.ea, malt, and usually another grain 
typicJ mash may contain, for e.yample, 71, per cent corn, 16 per cent 
rye and o per cent malt, or tio per cent corn, 23 per cent rye and 12 per 
cent malt, j he mash must ahva.vs contain at least 51 per cent corn 
(see the standards of identity for whiskey given in this section). 

det^^■^ “ ■" f,'»d-tn,ental 

ails to he preparation of a mash in the brewing indusln- except 

that the solids are no, removed (Chap. \ I). The enzvmcs of'lhe niaU 

convert the starches of the cookisj grains to dexirins'and sugars t 

ho .wime time, the protein molecules are degraded suflicientlv to furnish 

the.veast "ilh a.salisfactorysoiircc of nitrogen. ' 

I- ^'''‘"""^',l'f','“llie resultant mash is fermented bv a strain of 
distillers yeast, Wuroiiiyrcs cere,'Mae, by either the sweet- or soiir- 
ma-h melhisi. |„ the former raeth.Kl, which is commonly ti.scd the mash 
s ,no..ula,.sl direclly will, the .yeast. Less time is required m this 
fcmientation, generall.y. and a higher .yield of alcohol is „li,„i„ed than 

-he mZtfZ ZrettZ: '"''"'' '™'' 

gZrh’ "v "during" feLtZdil'flllZng"'Zr 

Ner, threc-cham»,ered still, with dou- 

: i=.'r.S 

s y c...=- e.sr.X'-s;rru ^ 

rtral‘giuZ"whiskeT m"', X »"■" whiskey, 

whiskey, produced *on’r**Jter°julv^r*'lT3»r*^ blends of straight corn 
«hich the „.hi.skey ha, ^n kept i:^ci:;rZ'';er:a"k 

"nendefl to Alcohol AdmiiiiBtration, Itegulations 5, as 
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hiskey is stored in heated or unheated warehouses for aging, heat 
causing greater extraction of substances from the wood of the container. 

CHANGES DURING AGING. —During aging in white oak barrels, changes 
take place in the solids, esters, acids, fusel oil, aldehydes, furfural, and 

color, the largest increase in solids, esters, acids, and color occurring 
during the first half year of storage.* 

The solids of whiskey, known also as extract, are derived from the 
wood of the container. During the first 6 months of storage, ^'alaer 
and Frazier found an average increase of about 70 g. of solids per 100 
liters. The quantity of extract was progressively smaller during each 
succeeding 6-month period, being apparently 4 g. per 100 liters during 
the period between the forty-second and forty-eighth months of storage. 

Since there is very little change in the ester content of a whiskey during 
quick-aging, the determination of esters may be used as a dependable 
index of the age of the whiskey. 

The acids of whiskey are both volatile and fixed acids. The larger 
part of the increase in total acids during storage is due to volatile acids. 
Some fixed acids are extracted from the wood of the container. 

During storage in charred oak barrels, there is an actual loss in the 
quantity of fusel oil, according to Valuer and Frazier. The fusel-oil 
determination gives information concerning the method of distillation 
and is, therefore, considered to be an important determination. 

There is an actual loss of aldehydes during storage. 

Some furfural is extracted from charred oak barrels during the first 
6 months of storage, but very little appears later. Uncharred barrels 
do not contribute furfural. 

QUICK-AGING. —The pi'ocess of quick-aging of whiskey is used exten¬ 
sively, especially for whiskies that arc to be marketed shortly after 
manufacture. Quick-aging produces but little change in the ester con¬ 
tent and no effect on the fu.sel oil. It increases the aldehydes only 
slightly. Solids, acids (mainly the nonvolatile ones), furfural, and 
color are increased. Color depth is readily varied by means of this 
process. The following table illustrates the effect of quick-aging on a 

whiskey. 

Meat, charred or uncharred wood chips, and charred barrels are used 

in some of the (piick-aging processes. 

CHANGES IN GLASS. —Although extensive changes do not usually occur 
in whiskies stored in glass containers,- evidence indicates that there may 
be a slight decrease in acids in the case of some whiskies, especially those 
which are not new. Valuer and Frazier suggest that this reduction m 
acidity may be due to the alkali dissolved from the glass, to the establish- 
' VAt.AKK, P., and \V. H. Frazikh, Ind. Eng. Chem., 28: 92 (1936). 
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Table .tO— Diffehente in Same W 


H^v WITH AXn WITHIH T Ql ICK-AGING' 


Grams per 100 liters calcu¬ 
lated to proof 


I 

Qiiick-aged Xot quick-aged 


Total acids 

Flsters. 

Fusel oil. .. 

Solids. 

Color 
Furfural 


I V 



11.9 
14 3 
124 3 
33 6 
3 5 
1.0 


5.9 
15.6 
127.6 
11.2 
0 0 
0.0 


ala... P.. .„d W. H. /„d. 9 ,, 


(1936). 


ment of a chango in ociuilihrium, or to an oxidation change Esters tend 

ComTol "rr*’ in cjuantitv.^ 

Administration Division are muclDntere^tell-Tn Um comroD^the whrk'‘'‘ 

ipb~53H=~i 


'>'■ '‘''■""'y f»'- dilTo.cn, ,ypo„ of 
«ni>kies, under the provisions of the Federal Mcdwd \i • . ^ 

Alt. are as follows (“American tvoe” uhi L i -^‘^"^'nislration 

»oo,iun(n) through O'),: "•''“'“on he.ng spcciticd in „ub- 

or -n'c Jlir whS■■■' ii' whi .tr.' "Sl'T ” "i'i^'^oy,'' “n.alt whiskey," 

l>n»f from a fermenie,! ma»h'„f not leil thlnTl"'‘‘’“'"dins 'W" 
•rniin. nulteil barlev grain or malted ^ 

or after March 1 IQis* «torp 1 in h '‘^I’et’tively, and, if produced on 

‘i>e same tvpo “Corn^^iJr^ 

‘•ufTjertel'l.Tthrproc'*^ of "hslilL'^ion containers,'Tnd'not 

and also includes mixtures of su"ch whlskly.’'^' ‘•^'^'•red 

S^in dLstiU^at not^ex^i^iiJt a fermented mash of 

-h prt^f i, fn^ber SulJ Z ! Z or not 

















234 


INDUSTRIAL MICROBIOLOGY 


(1) Aged for not less than twelve calendar months if bottled on or after July 1, 
1936, and before July 1, 1937; or 

(2) Aged for not less than eighteen calendar months if bottled on or after 
July 1, 1937, and before July 1, 193S; or 

(3) Aged for not less than twenty-four calendar months if bottled on or after 
July 1, 193.S. 

The term “straight whiskey” also includes mixtures of straight whiskey 
which, by reason of being homogeneous, are not subject to the rectification tax 
under the Internal Revenue Laws. 

(c) “Straight lye whiskey” is straight whiskey distilled from a fermented 
mash of grain of which not less than 51 % is rye grain. 

(d) (1) “Straight bourbon whiskey” is straight whiskey distilled' from a 
fermented mash of grain of which not less than 51 % is corn grain. 

(3) “Straight corn whiskey” is straight whiskey distilled from a fermented 
mash of grain of which not less than 80% is corn grain, aged for the required 
period in uncharred oak containers or reused charred oak containers, and not 
subjected, in the process of distillation or otherwise, to treatment with charred 
wood. 

(e) “Straight wheat whiskey” is straight whiskey distilled from a fei-mented 
mash of grain of which not less than 51 % is wheat grain. 

(/) “Straight malt whiskej*” and “straight rye malt whiskey” are straight 
whiskey distilled from a fermented mash of grain of which not less than 51% of 
the grain is malted barley or malted rye, respectively. 

(g) “Blended wlitskey” (whiskey—a blend) is a mixture which contains at 
least 20% by volume of 100° proof straight whiskey and, separately or in com¬ 
bination, whiskey or neutral spirits, if such mixture at the time of bottling is not 
le.ss than 80° proof. 

(h) “Blended rye whiskey” (rye whiskey—a blend), “blended bourbon 
whi.skey” (bourbon whiskey—a blend), “blended corn whiskey” (corn whiskey— 
a blend), “blended wheat whiskey” (wheat whiskey—a blend), “blended malt 
whiskey” (malt whiskey—a blend) or “blended rj-^e malt whiskey” (rye malt 
whiskey—a blend) is blended whiskey which contains not less than 51 % by 
volume of straight rye whiskey, straight bourbon whiskey, straight corn whiskey, 
straight wheat whiskey, straight malt whiskey, or straight rye malt whiskey, 

respectively. 

(i) “A blend of straight whiskeys” (blended straight whiskeys), “a blend of 
straight lye whiskeys” (blended straight rye whiskeys), “a blend of straight 
bourbon whiskeys” (blended straight bourbon whiskeys), “a blend of straight 
corn whiskeys” (blended straight corn whiskeys), “a blend of straight wheat 
whiskeys” (blended straight wheat whiskeys), “a blend of straight malt whis¬ 
keys” (blended straight malt whiskeys), and “a blend of straight rj’-e malt 
whiskeys” (bleiuled straight rye malt whiskeys) are mixtures of only .straight 
whiskeys, straight lye whiskeys, straight bourbon whiskeys, straight corn wlus- 

' U.S. Dc‘pt. of Ihe Treasury, Federal Alcohol Administration, Amendment 5 to 

HogiiiationH 5. 
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fermented mash of dried malted harley, whether or not such proof issuhscquently 
reduced prior to bottliiiK to not less than S0° proof; and 

(3) Not more than SO % by volume of neutral spirits, or wliiskey distille*! 
at more than 180° proof, whether or not such proof is subsequently redueed 
prior to bottling to not less than 80° i)roof. 

BRANDIES 

The following standards of identity for brandies are (|Uoted from 
Regulations 5 (Article 11, Sec. 21, Class 4) of the Federal Alcohol 
Administration.^ 

(a) *nhandy” is a distillate, or a mixture of distillates, obtained solely from 
the fermented juice or mash of fruit (1) distilled at less than 190° proof in such 
manner that the distillate possesses the taste, aroma, and characteristics generally 
attributed to brandy; and (2) bottled at not less than 80° ])roof; and shall also 
include such distillates, aged for a period of not less than fifty years, and bottled 
at not less than 72° proof, in cases where the reduction in proof below 80° is due 
solely to losses resulting from natural causes during the period of aging. 

{b) “Brandy,” without appropriate qualif^dng words, or “grape brandy,” 
is the distillate obtained from grape wine or wines under the conditions set forth 
in subsection (a) of this class, and includes mixtures solely of such distillates. 

(c) “Apple brandy” (apple jack), “peach brandy,” “cherr>^ brandy,” 
“apricot brandy,” “orange brandy,” “raisin brandy,” and other fruit brandies 
are distillates obtained from the fermented juice or mash of the respective fresh 
or dried or otherwise treated fruits under the conditions set forth in subsection 
(a) of this class, and include mixtures composed wholly of one kind of such 
distillates. The designation shall contain the name of the fruit used, and, if other 
than whole fresh fruit is used, the word “dried” or such other term as may be 
appropriate. Brandy derived from raisins shall be designated as “raisin brandy.” 

(d) “Cognac” or “Cognac brandy” is grape brandy distilled in the Cognac 
Region of France, which is entitled to be designated as “Cognac” by the laws 
and regulations of the French Government; and includes mixtures of such brandy. 

Brandies usually contain 40 to 50 per cent ethyl alcohol by volume, 
but may sometimes contain as little as 36 per cent alcohol by volume 
[paragraph (a) above]. 

A large amount of the Avine manufactured in California (more than 
one-half, according to Goresline),“ is distilled to produce brandy. Approx¬ 
imately 75 per cent of such brandy is used to fortify wines. 

1 U.S. Dept, of the Treasur\% Federal .Alcohol Administration, Regulations 5, Mar. 
1, 1939. 

* Goresune, H. E.. Notes on Wine Manufacture in the United States, I .5. Dept. 
Agr. (mimeographed sheets), 1936. 
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CHAPTER IX 


PRODUCTION OF YEAST AND YEAST PRODUCTS 

BAKERS’ YEAST 

Development of Industry.—The baking of bread has been practiced 
for centuries. Egyptian, Jewish, Greek, and Roman histories reveal 
many interesting facts concerning baking, brewing, and wine making. 
The Bible suggests a method for preparing leavened bread. 

Mason, an Englishman, is said to have prepared the first compressed 
yeast in 1792. ^ No hops were used in its manufacture. Shortly there¬ 
after, compressed yeast was known in Holland and in Germany, as well 
as in England. Indeed, there is some evidence that compressed yeast 
was made in Holland as early as 1781. 

Leavened bread was prepared for many years by mixing a portion of 
leftover dough with the main batch and permitting the mix to stand for 
a while to undergo fermentation. A more modern practice was to mix 
residual yeast, from the brewery or distillery, with the dough. Such 
yeast often possessed a bitter taste due to the use of hops in malt-beverage 
manufacture. 

The Vienna Process.—Some^ consider that the compressed-yeast 
industry started with the development of the Vienna process, a modified 
brewing operation, about 1800. In this process, kiln-dried malt and corn 
were ground, mixed with water, and mashed (see chapter on Brewing). 
The unfiltered mash was pitched and permitted to ferment. Machines 
separated the portions of grain from the yeast by a process of sifting. 
Yields of 10 to 14 per cent on the Inisis of the grain were obtained along 
with a considerable amount (about 30 per cent) of ethyl alcohol. 

Since compres.sed-yeast manufacturers are interested in the yield of 
yeast and not the alcohol, improvements in this method were made from 
time to time. A process for aerating mashes for yeast production was 
developed by Alaniuardt in 1879. Yields of yeast were materially 
increased, while those of alcohol were decreased. The filtration of the 
wort, the use of very dilute worts, carefully regulated aeration, and fairly 
low temperatures were later modifications that still further improved the 

process. 

* Frky, N., Imi. I *^ ng . Chem.^ 22; 1154 (1930), 

* Frey, C. N., G. W, Kirby, iind A. Schitltz, Ind. Eng. Chem.. 28: 879 (193t))- 
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Many of the modern methods of compressed-yeast manufacture are 

protected by patents. 

Soon after the commencement of World War I, research was carried 
..ut m (lermany which led to the development of some of the modern 
methods of manufacture. The high cost and scarcity of grains had 
much to do with the instigation of this research. 

Some General Considerations Concerning the Production of Yeast. 
} east. Selected strains of Saccharomyccs ccrcrisiae are used in the manu- 
faclure of compressed yeast. The baker depends upon the veast to brinn 
about dehnite changes in structure and flavor in the dough during a given 

amount of t.me. Failure to accomplish these changes may result in 
considerable loss of money. Therefore a vigorous strain that'shows uni¬ 
form and constant characteristics should be used for the manufacture of 
compresst'd yeast. 

Au/mal .1/aicrm/s.—C’arbon, necessaiy for growth and energy, is 

gewrally obtained rom the sugars of the mashed grains or the molasses, 

although lactic acid, ammo acids, and even ethyl alcohol may be used 
under certain conditions. 

Nitrogen is supplied commonly by the use of malt or mashed cereal 

grains, or by ammonium salts. Peptones, peptides, amino acids ami 

.ammonia are absorbed by the yeast and assimilated. Nitrates and 
nitrite.«^, however, are not u.sed by yeast. 

nilrogeiT""™"’ may furnish both carbon and 

Sojdpns, freed of the bitter principles, sugar-beet juice, and various 

or to act as the source of nutrient material.' ^ 

Imv level"'in°tlir concentration of sugar is maintained at a 

'' level in the fermentation (propagation) tank in order to favor its 

mlizatioi, for ihe manufacture of yeast cells rather than for the produc- 

frora about'o S ^o 1 - ^ i" 'he fermenter vary 

lrr,n of u'’ o" 'he process. The concern 

. sugar in the wort is maintained at this low level throughout the 

nous or continuous basis. This is accomplishei Lv a onl"' 

won at a predetennined constant or logarithmically in “Z' 

incWMCfuZ! 1 , T “ilh a culture of 

“CZ. ., and J. J.^.vkki, them, and Irul., 66 : 884 nQ.-lfii 
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media containing lactic acid, while contamination, especially with 
butyric acid organisms, is reduced. The presence of lactic acid in the 
yeast cake inhibits the development of bacteria. 

Aeration .—The proper aeration of the mash is of great importance in 
the manufacture of bakers’ yeast. It is accomplished by passing air 
bubbles of suitable size through the entire medium. 

The surface area of a given volume of bubbles of air in a liquid 
increases as the sizes of the bubbles become smaller. There is thus a 
larger contacting surface with small-sized bubbles than with large ones 
and a longer period of contact with the medium or wort. A smaller 
quantity of air is required when the bubbles used are of small size, but it 
costs more to produce very hne bubbles. Thus, the yeast manufacturer 
must select a desirable course, in which efficiency of aeration is high but 
not too costly. The bubbles used commercially vary from 0.0001 to 1 in. 
in diameter, according to de Becze and Liebmann,^ who have thoroughly 
discussed the subject of aeration. 

Air is introduced near the bottom of the fennentation tank and the 
aeration network should be of such nature that there is uniform distribu¬ 
tion of air over thw'entire cross section of the tank. 

The air requirements for a wide and shallow fermentor tank will be 
much different from those of a narrow, tall tank, for the longer a bubble 
of air is in contact with the medium, the more effective it is. Based on 
the yeast produced, a considerably larger amount of air is required for a 
small fermentor than for a large one. 

de Becze and Liebmann reported that the correct evaluation of air 
requirements must be based on information available concerning the 
height of the wort at any time (obtained by reference to a chart or graph); 
the concentration of yeast at any time (by graph); the yield of yeast, per 
unit of raw material (by graph); and the ratio of the amount of new yeast 
to seed yeast. 

Air requirements are generally reported in terms of cubic feet per 
(1) gallon of wort, (2) square foot of wort or fermentor bottom surface, 
(3) pound of yeast in 100 gal. of wort, (4) pound of yeast produced, (5) 
ton of total molasses, or (6) bushel of grain mashed; or milliliters, liters, 
or cubic meters per unit volume of medium, etc. 

Aerators are of many types. For example, they may be plates, tubes, 
candles, spargers, or false bottoms. The.y may be of the fixed or movable 
type. They may be constructed of noncorrosive metal, ceramic sub¬ 
stances, hard or soft rubber, porous carbon, sintered glass, canvas, or 
other substances. For a review of this subject the reader is referred to the 
article by de Becze and Liebmann. 

> de Becze, G. and A. J. Liebmann, Ind. Eng. Chem., 36 : 882 (1944). 
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Futictton of Oxygen. 1 he exact function of oxygen in the growth of 

yea.st not known. Ver>’ likely its action may be due to several factors: 

inhibition of fermentation and increase of respiration, agitation of the 

medium, removal of toxic end products, and stimulation of vegetative 
growth. 

p//.—The pH is generally adjusted to 4.4 to 4.6. However, slightlv 
lower or slightly higher values may lie used under certain conditions. 

1 he pH IS maintained by one or more methods. One way is to check 

the pH eveo' 30 min. or so and adjust by the addition of ammonia or 

^Iphunc acid us indicated. Another way is to control automatically 

Much may l>e done to control pH simply by using a suitable proportion of 
nutrients in the strong; wort. 

7> »np<TO/ur,'—1 he temperature is generally started at 25 or 2()'C 

It ts usually held fairly elose to this level during the early part of the 

trmenlalion and gradually permitted to risi- to 30°C. towards the end of 

t^ erntentatton. Cooling and heating coils am an essential part of the 
n mu nlation-tank etjuipment. 

/'rr.,„a„g tt, IVaa/.-The use of a low temperature is necessary for 
the storage of compmsse.l yeast. Molds and l,acteri*flause the cake to 
tWanate rap.dly at room temperature and autolysis is likely to take 

-r: r££r= 

pnjp,^. ^ ^ the y(:*ast, has also been 

Molasses-Ammonia Process Tn i 

(cane and .^ugar lieet ) is used process, 

mineral element.s for the growth of the . the source of carbon and 

PH-:! I.y ammonia, or a^rnTumtu'lXr^' 

in deficient 

i.^ imporunt in the «>mthe"is of ntlZrn^'" t 
mg the medium. It st imulates growth 

'Tlie pH of ThTtl^r"* hi^iH^l^^ molasses wort is filtered, 

then inoculated u-ith a startel of ye^t uHV" ^ 

from a single ceU of the selected yeast ^ carefully prepared 
’ Britiri, Patent 406,3g8. 1934 
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During operation, several factors must be carefully controlled. The 
most important of these are the aeration, the pH, the concentration of 
the available sugar, and the temperature. 

The availability of a large supply of air stimulates the production of 
yeast cells. All the air used must be sterilized before passage through 
the mash. 

The pH is maintained within a definite range, that most favorable 
for yeast growth (about 4.4), during the entire growth period by the addi¬ 
tion of sulphuric acid or ammonium hydroxide. As the ammonia is used 
up, the mash tends to become more acid in reaction. The addition of 
ammonium hydroxide not only neutralizes some of the acid but also 
supplies more ammonium salts for the nitrogenous needs of the growing 
yeast. 

During the process, measured portions of the molasses wort are added 
at specified time intervals in such quantities that the j'^east produces but 
very little alcohol from the sugar. 

It is essential to control the temperature of the mash during the growth 
of the yeast. This may be done by the use of cooling coils set on the 
inside of the covered vats, which usually have capacities for several 
thousand gallons. The optimum temperature for the growth of the 

yeast strain being used is maintained. 

At the end of the growing process, yeast is separated from the wort 
by the use of centrifugals (or by filtration). The yeast thus obtained 
is washed repeatedly, until the wash water appears to be quite clear. 

It is then pressed. 

A small amount of flour (potato, tapioca, or cereal) may or may not 
be added to the yeast. The flour absorbs some of the moisture from the 
yeast, increases the friability, and aids in molding the yeast into small 
cakes. Much yeast for the baking industries is packaged without the 

incorporation of starch. 

A Procedure Employed in Germany, —Bakers’ yeast was produced in 
one German plant by the following procedureBeet molasses is diluted to 
30°B<i and adjusted to pH 4.5. It is then sterilized by heating at 105°C. 
for 1 hr. The solution is allowed to stand for 4 to 6 hr. during «hich 
time suspended solids settle out and the temperature drops to 90°C. It is 
filtered. Nutrients, in the form of 110 kg. of ammonium sulphate and 
250 kg. of superphosphate for each 7,000 kg. of yeast produced, are added. 
This mixture is held in storage tanks and later fed at a slow predetermine 


rate to the fermentation tank. . 

The inoculum is prepared as follows: A strain of S. ccrevisiae, especmlly 

suitabh; for the type of molasses being used, is grown on a slant. is 

' Balls, A. K., Fiat Final Report No. 277, Oi't. 3, 1945. 
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culture is used to inoculate a l-liter mash. The size of the inoculum is 
progressively increased by successive transfer through 50- 200- 1 000 
and 15,000-liter mashes. Finally a 90,000-liter inoculum is prepared 
which IS used to inoculate six large fermentors of the type described below. 

ono (propagation) tanks are constructed of steel and are of 

200,000-hter capacity. To start a fermentation, 20,000 liters of water are 
run into the tank. Sterilized, nutrient molasses is added to the water 
until the sugar content reaches 1.5 per cent. The inoculum is then added 
and aeration commenced. The feed of the sterile 30°Be molasses is then 
adjusted so that the sugar concentration is kept at 1.5 per cent The 
temperature is maintained at 25 to 30°C. The fermentation is over in 10 

bnftnll! perforated copper tubes located at the 

bottom of the ermentor. For each kilogram of yeast produced, 16 cu m 

of aw are supplied. A supply of 4,000 cu.m, of air per hr. is nec;ssary for 

. 0 kg. of molasses. Crude lanolin is used as an antifoam agent ^ 

centrhurs by means of Westphalia 

centiituges. The cream so obtained is washed twice cooled to S tn Q°r 

r.T„uJ: ' llul si 

pacSd " “'Ms before being 

Yeast from Sulphite Liquor by the Heijkenskjold Method ■—Sulnhite 

"ii'~ 

liquor to rin To to?rub 1 

zation. the hquor is permitted to stand, in order that th« 

a“TcooM “28 JsO-cT - decanted frorZL^ks 

u.e in ^Inufacture o&^^ “d -dy for 

a su^: ron“o“ 5 *" ""'d 

this mash, if desired to siiLw • ' “dded to 

substances. The mash is now inn^fTa “bd other nutrient 

of Saccharomyces ceremiae ("Rasse 12”'of thl pl" 

is used in Finland and at the Bernlant t Gbru-igsmstitut of Berlin 

'0 aX'n'r:.:: - —ed 

during the course of the 

^ Eweson E \v r j . . ana to mam- 

= Ibid, ’ ' " " industries, 38: 573 (1936). 
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tain the desired reaction. Large quantities of filtered air are supplied, 
the air removing the carbon dioxide and other gases formed besides 
carrying out other functions. After the propagation is complete, the 
yeast is washed repeatedly. The final product is light in color, of high 
purity, and neutral in taste, ^ 

The sulphite liquor used in this process contains approximately 25 
kg. of sugar per 1,000 kg. of liquor, and of this amount about 16 kg. are 
fermentable. The sugar concentration is thus very low and would not 
favor the production of alcohol in large amounts. 

An average yield of 160 per cent is obtained on the basis of the fer¬ 
mentable sugar, yields varying from 40 to 55 lb. for each ton of waste 
sulphite liquor. 


Table 51.—Compositions of Some Media for Growth of Yeast* 

Grain-wort Medix'm 


Corn. 2 kg. 

Malt. 1.5 kg. 

Sprouts. 1.5 kg. 

Concentrated hydrochloric acid. 10 cc. 

Tap water, to make. 30 liters 


Molasses-salts Medium 


Beet molasses (crude). 150 g. 

Calcium phosphate. 1 g- 

Ammonium monohydrogen phosphate. 1 g. 

Urea. 2 g. 


Concentrated sulphuric acid. 

Tap water, to make. 

Glucose-salts Medium 

Commercial glucose. 

Sodium chloride. 

Magnesium sulphate. 

Calcium chloride. 

Potassium pyrophosphate. . 

Ferric pyrophosphate. 

Ammonium chloride. 

Copper sulphate. 

Urea (commercial). 

Tap water, to make. 

* Pavck, P. L., W. H. PBTBasoN. and C. A. Elvkhjem, Ind . Eng . 


. . . . 2 cc. 

.... 1 liter 

. . "0 g. 

. . 2 g. 

. . 2 g. 

.. 0.4 g. 

. - 2 g. 

.. 0.1 g. 

.. O.lSg. 

.. Trace 
.. 2.4 g. 

1 liter 

CAem., 29: 536 (1937). 


Some Media for Yeast Propagation and Their Preparation.— Table 51 
presents the compositions of some media for the growth of yeast. They 
are prepared as follows: 

1. Grain-wort Medium—The finely ground corn is autoclaved at 
a pressure of 15 lb. per sq. in. for 0.5 hr. in the presence of about 8 liters 
of water. At the same time the malt and sprouts are mixed in 20 htere 
of water, 5 cc. of concentrated HCl is added, and the mixture is allowed 

> Ibid. 
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to soak at 25°C. for 0.5 hr. Approximately one-half of the cooked corn 

IS added to this m^lt-sprouts mixture. The temperature is then raised 

to 50°C\ and maintained at this level for 0.5 hr. Next the rest of the 

corn plus an additional 5 cc. of concentrated HCl are added, and the 

temperature is raised to 62°C. and kept constant until the iodine test 

for starch is negative. The mash is filtered through burlap bags, and the 

residue is washed once vfith warm water. The combined filtrate is made 

up to 30 liters with water and autoclaved at a pressure of 15 lb. per sq. 

m. for 45 min. The resultant wort should contain 4.5 to 5 per cent of 
reducing sugar (as glucose) and have a pH of 4.4. 

2 Molasses-salts Medium —The molasses, calcium phosphate, and 

sulphuric acid are .sterilized together after dissolving them in water. 

terihzed urea and ammonium monohydrogen phosphate are added to 
the cooled solution, and the pfi is adjusted to 4.4. 

3. Glucose-salts .Vcdzwm.— Solutions of glucose, sodium chloride, mag¬ 
nesium sulphate calcium chloride, and copper sulphate are autoclaved 
ay pressure of 15 lb. per sq. in. for 1 hr. at a pH of 3.5. A sterilized 
ution of potassium and ferric pyrophosphates is added to the cooled 
mam mash. If a precipitate forms it is dissolved by adding some steri- 
ized 40 per cent sulphuric acid. A sterilized solution of a"um 
cyride and urea is added finally to the main mash, and the nH ^ 

sterilized 40 per cent sodium hydroxide (NrOH) 

nfuiL’ c“ard“^^ of ammo! 

— - .nowing 

4 ABLE o2.—^ lELDS OF Dry Yeast^ FROM VARIOUS Media^ 


Type of yeast 


Grain medium, 
per cent 


Molasses-salts 

medium, 
per cent 


Bakers' Yeast A 
Bakers' Yeast B 
Brewers' Yeast A 
Brewers' Yeast 
medium) 
^Qccharomyces logos 
n iUia anomala 
Endomyces vernalis 


Glucose-salts 
niedium, 
per cent 



. I... w. a. c. A. A,.,, ^ 


802 (1938). 
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iMX’.'iTkiAL utrknaitkj^r 


Without arrmlion tbi* ww ol low inain)iui«ie *ppr«unaMU«4i 

otu^trnth of with lurmtioo. 

Active Dry Yeast. — Tlui* U • dnrd Isskeri’ Tr% 0 t It w pnidurMi hy 
ihf UMual procvMMPK and driwi to a mot-turr mntent o# about h prt rent 
Such yrant niny l»c rtoml for HPX-eral m(»nth.« vithout emnu^ lum at tu 
viability. Ijtrftt' quantita** arre prxiducrd tor uae by the anoMi foitM 



Flu. 37 .—Apfwnitw far 

C, A. Iifd. S 


I 

rvM S9: M (mr«4 




L. 


W H Fi 


and otlirr a^cencies durinit WorM \\ *r II: 7/100.000 lb, in l^►43; 
lb. in 11 months of ihr 1945, and 4.flfl0,000 lb. in 1940.- 

Florylin Yeast.*—Thb is a drird 3 *WLrl and is produced from frwk 

occasionally produced with higher aeraiioD th a n the timal 

yeast to encourage gl'Togen fwmatioQ. 

The press->T!ast is put through a flaking machine and spread 1 to 1 ^ 
cm, deep in tra>*s. It is dried by pacing air at 30 to 35*( , orer the tray* 
for 36 to 4S hr, (or 28V, for 4S to 50 hr.>. The mossture ccmust of the 

I lioarre, C*. S,, and J. M. V.^jc Lauxh, iwi. IM« >- 

* Baixs. a. K-, Fmd S^pmi No. 277 , Ortohcr X 1943 
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product is 10 per cent. Four grams of the product has the same value as 
5 g. of fresh yeast. The product lasts for 8 to 12 months. 

Apparatus for Growing Yeast.—Figure 37 shows an apparatus suitable 
for growing 3 ^east. 


FOOD AND FODDER YEASTS 

/ Food yeast is propagated primarily for human consumption as a food 

constituent. Fodder yeast is produced for animal feeding. Both are 

produced under similar conditions, except for the raw materials used and 
the hnal treatment of the products. 

T j"* protein and vitamins of the B-compIex. 

n the dry state, it usually contains about 50 per cent of protein and when 

ami not V “‘her foods it makes a satisfactory 

and nutiitious supplement to the diet of persons living under conditions 

Btomptr ^ Of the 

The manufacture of fodder yeast is of interest to those desiring to 
convert waste, surplus, or low-cost carbohydrate materials into products 

w^te sulphite lipuors for fodder yeast product™ t examp rSuTt: ta 

manXrLTTdTl^^Xrl'i'tb*'' ‘“Z™' **■' «- 

consumed in Germany during World VVaT II > t^^ 
producing food yeast early during the latter 3 > Tn- 

estcd in this subject, as am other counts • 

General Details of Production_ THp fniir^ • 

f“X “ ‘hJ^TToTlnS 

or fXTels^TTTa'sTrataTf 

Other yeasts have been used commerciallv in C 

Oidium lactis* Candida arborea, mixed Torula, and 

Saeman, J, F., E, G, Locke and G "K" 

^ov. 14, 1945. ' Dickerman, Fiat Final Report No 499 

t>AEMAN. Locke, and Dickerman, loc. dt. 
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A number of otlier yeasts hav'e t>eon studied, including Mycotorula 
lipolytica, HansenuUi anomnla, //. siiai'eolcns, Candida tropicaiis, Torxdop- 
sis Candida, and Torida lactosa. 

Tondop.fis utilis is particularly desirable on account of its high protein 

content, its vitamins of the H-complex, and its ability to utilize hexoses, 

pentoses, acetic acid, and certain other constituents which may lx* found 

in the acid hydrolyzates from wood or other cellulosic materials. It 

normally produces but little alcohol. 

There are a number of strains of T. uiilis. One, known as T. utilis 

major, produces larger cells than the usual strains; while another strain, T. 

utilis thermophila grows well at higher temperatures than most fo<Kl yeasts. 

The biochemistry of T. utilis has been studied bv kink and Just. 

% ^ 

Their findings have been published in a series of articles appearing in 
Biochemischc Zeitschriftd 

Studies concerning the metabolism of growing T. utilis under aerobic 

conditions have been carried out by Sperber.® 

REQUIREMENTS OF THE vii.\sT.—The yeast used for food production 
should possess the following characteristics: It should be one of high 
protein and vitamin content. It .should grow rapidly, pnxluce high 
yields, and be palatable. It should be able to grow under the conditions 

and on the substrates that are available. 

.\ccLiM.\Tiz.\TiON.—As a rule a faster rate of growth and larger yields 
of food yeast are obtained from hydrolyzed wood and certain other sub¬ 
strates, if the yeast has become acclimatized to the raw material by being 


repeatedly cultured in it. 

SIZE OF INOCULUM.—Usually the concentration of yeast cells in the 
inoculum is of such magnitude as to give 100.000,000 to 200,000,000 cells 

in the propagation (fermentation) medium. 

Raw Materials .—The raw material used will depend upon a number of 

factors, the most important of which are availability, cost, and as.simila- 
bility. In Germany, waste sulphite liquor, particularly from bwchwood, 
was used in six or more plants for food yeast production during \\ orld 
War II. In addition, five plants produced yeast from the acid-hydro¬ 
lyzed wood obtained by the Bergius and Scholler methods. Mola.sses and 
whey are normally available as low-priced carbohydrate^ontaming 
materials. Hydrolyzed grains, citrus fniit wastes, wood supr stillage, 
and carob beans are other sources. Actually a large variety of raw 
materials may be used after any necessar>' pretreatments. 


404 

P , JUST, JOlWtttrrn. ww - -^ 

312: 390 (1^2): etc fXrOSl: 1-136 (1945). 
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Lechner studied the utilization of pentoses* and other compounds by 
T. utilis. He found that xylose was readily assimilated,^ but that 
rhamnose and glucuronic acid were not utilized.* 

SUGAR CONCENTRATION. The initial sugar concentration in the propa¬ 
gation tank or container is usually adjusted to 1 per cent or less.^ * « In 
continuous processes, the concentration of tlie feed may be much higher. 

NITROGEN SOURCES.—Nitrogen may be applied in a number of forms. 
In Germany, ammonium sulphate and ammonia were used extensively in 
commercial operations. It was also supplied as diammonium phosphate.^ 

Urea has been found to be a suitable source of nitrogen by investigators in 
this country.® ® 

PHOSPHORUS SOURCES.—Diammonium phosphate and superphosphate 

were used commercially in Germany.® Potassium dihydrogen phosphate 

or superphosphate m equivalent amounts has been used successfully in the 
United States.® 


OTHER NUTRIENTS 


,, .o. Ill many, potassium Chloride and magnesium 

sulphate were used in the production of yeasts from wood sugar. IMagne- 
b^s^ as a source of magnesium on an industrial 

pH—The initial pH is generally adjusted to approximately 4 5 
ependmg upon the raw materials used and the conditions of fermenta- 

initial pH of 4 to 5; Peterson, Snell, and Frazier (1945), to an initial pH of 
4.5 to 5.5; and Agarwal, Singh, King, and Peterson (1947), to an initial 

Temperature.—The temperature normally used for food and todd 
yeast production is 30°C. Where it is diffin.df 1 ^^^der 

ture at this optimum, special strains of yeasts that grow well at hLhpr 
temperatures (35 ± °C.) may be used. ^ ^ ^ 

is probably the most in^Porta'n^^Tacrr'^Srthe 

■Lechner, R., Angew. Chem., 53: 163 (1940). 

Lechner, R., Biochem. Zeit., 304: 84 (1940). 

^ Lechner, R., Biochem. Zeit., 306 : 218 (1940). 

®PetfrsIn W f’’? research report, M.I.T., Feb. 18, 1944 

14 'xrr?„d s'J': m, awT'"’ "■ HiocHem.. 

« ioc. cit. 

» Ag.^rwal, Singh, King, and Peterson, loc. cit. 
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Table 53. —Yields and Protein (Contents of Yeasts Grown- in Different Media 


Yeast 

1 

Medium 

|)rv veast 
yield. 

|»er c<*nt 

Protein 

content. 

|>er cent 

I 

Reference 

Torulopsia utiiis No. 3 

Wood hydrulyKat«« 

3aV-I0* 


Peterikjn. SSIXL k 
Kraziek. Ind. Eng 
Chrm., 37; 30 ^1945, 

Torulopsis utilia No. 3 

Wood hyk-olytates 

30 .'i-52 Ot 

51.9-58 6 

Harris. Saeuar. Mar- 
qUAHDT. Hannan, k 
Rogers, Jnd. Eng. 
Chem., 40 : 1 220 
(1948). 

Torulopaia ulUia No. 3 

Sulphite Uqtior 

29 0-30.2+ 

51.0-52.7 

Harris. 8aeiian, Mar- 
QUAROT. Hannan, k 
Rooeks, Ind. Eng. 
C hem. , 40: 122 0 
(1948). 

Torulopaia utHia No. 3 

Fermentation residue 

47 0-52.0+ 

50.0 

Harris. Saeman. Mar- 
gCARDT, Hannan, k 
Rogers. Jnd. Eng. 
Chem., 40 : 1220 
(1948). 

Torulopaia ut^ia No. 3 

Wood sugar stillage 

53-03: 

52.9 

KuRTH k CUELDELIN, 

Ind. Eng. Chem., 36: 
617 (1946). 

T. utilia (Anheuser-Busch) 

Molasses (cane) 

Puerto Rican 

45 1-48 4 5 

33.1-5(» 8 

ViNCENTT. M. I, T. Re¬ 
search Report, Feb. 
18. 1944. 

T. utilia 

Molasses (beet) 

53 .a5-«5 31 

43.7-60.6 

Agarwal, Singh. King 
k Peterson, Areh. 
Biochem.^ 14 (Nos. 1 k 
Z ): 106 (1947). 

T. utilia 

Molasses 

.56+ 

.\v. over 50 *• 

Lewis. Sti^bs k No¬ 
ble, Arch. Bvochem.. 4 
(No. 3^: 389 (1944). 

T. jUilia 

Fruit juice 

53+ 

Av. over 50** 

Lewis, Stubbs k No¬ 
ble. .4rcA. Biochem.. 4 
(No. 3); 389 (1944). 

Torulopaia utilia var. major 


59-62: 

56 

Thatsen k Morris, 
Ao/ure 152 (No. 3862): 
526 (1943). 

Candida arborta 

Molasses (beet and 
cane) 

5.5-641 

38.8-49.4 

.4garwal. Singh, Kino 
k Peterson. Arch. 
Biochem.. 14 (Nos. 1 k 
2 ): 105 (1947). 

Hanaenula anomala 

Wood hydrolyzates 

35-4n* 


Peterson, Snell, k 
Frazier. Ind. Eng. 
Chem.. 37:30 (1945). 

H. auax^eolena y-838 

Wood sugar stillage 

53-63t 

53 4 

Kurth k Cbeldclin. 
Ind. Eng. Chem.. SB: 
617 (1946). 

Mycotorula lipolytica P-13 

Wood hydrolyzates 

35-40* 


Peterson, Snell * 
Frazier Ind. Eng. 
Chem., 37 : 30 (1945-. 

Mycotorula lipaiytiea P-13 

Wood sugar stillage 

53-63: 

51 0 

Kurth k Cheldelin. 
Ind. Eng. Chem., 38: 
617 (1946). 

Oidium lactia 

Molasses (beet and 
cane) 

55 8-60.Ot 

31 2-41 9 

Agarwal, Singh. Kino 
k Peterson, .4rdL 
Biochem.. 14 (Nos. 1 k 
2 ): 105 (1947). 

Saccharomyceg eereritice 

_ 

i 

Molasses (beet and | 
cane) j 

i 

i 

42.7-54.3+ 

42.5-53 1 

_ 

Agarwal. Singh, Kino 
k Peterson. .4rrA- 
1 Biochem., )4 (Nos. 1 k 
\ 2): 105 (1947). 


♦ Based on total reducing sugars. t Based on sugar consumed. ♦♦ In most caaea. 

t Bas^ on total sugar. f Based on sugar in molasses. 
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yeast. It is essential to supply an adequate volume of air in sufficiently 
fine bubbles to accomplish efficient oxygenation of the medium 

I oaming is ordinarily a problem in the production of yeast. It may 
be conti oiled by the use of special aeration and agitation devices, such as 
re shovn in Figs. 40 and 43, or by the use of suitable antifoam agents 
Peterson, Snel, and Frasier used \ egifat Y as a defoaming agent. 

l ieMs. The yields obtained depend upon the yeast used, the medium 

bal?^ of propagation. Yields (dry yeast) of 53 to 64 per cent 

on e sugar present are not uncommon. Table 53 summarizes 

"‘"-A few e..amp,es of produc- 

c r"pe^ “ 

one which employs mechanical ^ rapid, continuous 

The raw materL”s ' 

just as suitable. It is neutralized with I’ apparently 

clarified by a settling procedure and cooledT undergoing aeration. 
Nutrients, such as diammonium’ phosphate ^ exchanger, 

and magnesium sulphate, are added to the olarifieTCoT'™ 

wheel ap::?ra“' ^T^t^arT' “ 

from a central pipe to the peripCv The to 

r.p.m. From 8 to 12 cu.m of air a i- 'j rotated at about 400 

manufactured. supplied for each kilogram of yeast 

The propagation of yeast is carried out at a f 
Since the process is an exothermic one fh f of 32°C. 

tank) is supplied with cooling coils frefer \ p- (Propagation 

tion is cooled to 20°C. in order to aid in th f^ed solu- 

temperature. ^ ^ ^ maintenance of the 32°C 

The nutrient solution is fed into tt^o f 
-rapacity) at a measured rate during the 0 ^^ d" 

may be as short as 4.5 hr. when al 6^;“' 

fermenter at a rate of 12 cu.m, per hr. ’“‘p ‘he 

; Locke, and DicKnaWAs, „p. a. 
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'Fhe yeast, suspension is removed continuously. (V-ntrifunes con¬ 
centrate the licpior to a maximvini of 12 per cent. The yeast susjMnsion 
is concentrated to a 20 p('r cent cake by a rotary filter. The yeji.st, 
is then autolyzed and dried on a drum drier; or it may 1 h* autolyzed and 
concentrated (by evaporation) to 30 per cent dry sul(stance and .‘-pray 

dried. 

Harris and associates* and others have studied f<jod yeast production 
from sulphite licjuors. 



38—Cooline coils in fermentor Jor yeast propagation. ^ 

E G Locke a Jg. K. Dickerman, FuU Final Report No. 499. Nov. 14. 194o; also E. G. 

Locke, Pulp it Paper Ind., 20 (No. 1): 20 (1946).] 

Fodder Yeast from Sulphite Liquor.—The production of fodder yeast 
from sulphite liquor on a laboratory scale has been described by W aiker 
and Morgen.2 The sulphite liquor was neutralized to pH lO.o ^^^th hm , 
permitted to settle, filtered with the help of filter a.d for *'>“ige removal 
neutralized to pH 3.5 with sulphuric acid, and filtered. The sug 
concentration of different samples of liquor varied from 2 to 2.o per cen . 

1 Harris. E. E., J. F. S.aemax, R. R. Marqcardt, M. L. Hannak, and S. C. 

Rooer-s Ind. Eng. Chem., 40 (No. 7): 1220 H948). 123 No 6 • 43 1046 . 

> Walker. R. D., Jr. and R. Morgen. Paper Trade Jour., 123 No. b . 
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\\ alker and Morgen found that optimum conditions were obtained for 
fodder yeast pnxiuction with Torttlopsis utilis var. thennophilia w heit the 
sulphite li(|uor contained 2.0 g. diammonium hydrogen phosphate per 
liter; the pH was 5.<5 (5.5 to G.O); the temperature was 30 to 35°(’.; and 
150 ml. of air per minute per liter of sulphite liquor (ba.sed on the condi¬ 
tion.. and fermenter used) were employal Turkey n'd oil, in a concen¬ 
tration of O.l to 0.2 per cent, was effective as an antifoam agent and 
appanmtly nonto.xic. 

I>uring a 15-hr. period, 90 per cent of the reducing sugars were 

utih»*<l and yeast concentrations of 500 to 700 million celKs jx^r milliliter 
were obtaine<i (as high as 5 per cent by volume). 

In.Kulums (al)out 1 cent) from wort agar slants or from sulpliite 
liquor that waf; in state of active fermentation were used. 

Harris, Hannan, and Marquardt* descril>e<l the production of fodder 
yeast from sulphite liquor. They found that sulphur dio.xide and other 
volatile substanct^s could lie removed by steam-stripping or by precipita¬ 
tion with lime. Steam-stripping is the more sati.sfactorv method; liow- 
tyr. the wpnpment umhI for this must l.e acid-resistant and is costly 

a plTilT tT 1 “^utralized with lime io 

[ 1 . f to t.o. The n-sultant precipitate of calcium sulphate and any 

pu p hU‘rs, are rr^movini by filtration. In an alternate method as is u.scmJ 

n .ermany, the sulphite lupior is first neutraliaial direi tly to a pH of 4 \ 

ly irnypn.,. ls.th the sulphites and the sulphates. ..ated, anil then 

the li y net^yin nitrogen and phosphate nutrients are added to 

-rr,,,. out i„ .h. .p..cial 207 Z 

n,„,, page 20,. Dma and 

I’nxiHflion from Wood Sugar — Vccordimr fn <5o t , 

The proc<‘H8, an carried out at the IWenjshuro^ \' \v nuthodw. 

as follows: Pn^piigation was conducted in six 2^ 
fermenters, each of which wasenn; t • u • ^ 2.>0-cu.m. \ ogelbu.sch 

20 d.,ve ■ 

The organism used was Toruhpxus i 

of dr>- wa.st was employed. * « 10 to 20 p<.r cent by weight 


' K. K , M. L. Has 

' 1^7. 


* I 


RDT. 




ov. 
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1'ahlk 54.— CoNTiM'ors Propagation of Toruln 


Series 

Kate of feed 

1 1 • j 

- 1 

Air per pound 

of drv veast, 

Reducing 

1 1 

; material u«e<l. 

1 

^’ield of drv 

t 

veast on sugar 

Prfitein cf))*- 
tent of vcjlhI. 

no. 

p(»r hour, litc»rs 

* • f 

cubic feet 

■ 

\ per cent i 

1 

1 

j used, cent 

1 

|K*r cent 

1 * 


WooO Ilyfirolyzato (Sugar (•()iitont, 4.r) p<*r rent) 


10 

2.0 

630 

92.0 i 

39 0 

51 .3 

14 

3 0 

295 

93.8 

49.7 

57.5 

15 

4.0 

210 

1 

93.4 

1 

52.6 

, ♦ 

56.2 

1 

16 

4.5 

212 

93 2 1 

46.5 

1 1 

55 4 

1 

17 

5.0 

203 

91 1 

43 4 

515 


Sulpliito \Vasle Licpior from Plow Pit Xoutralizod with Limo 

(Sugar content, l.fiG p(*r cent) 


21 

2.0 

1,040 

79 0 

49.5 

51.6 

22 

3.0 

695 

78.0 

49 0 

51.5 

23 

4.0 

540 

7.5 0 

50.0 

51.0 

24 

5.0 

550 

59 0 

50 2 

50.0 


Sulphite Waste Liquor, Steam-stripped, Neutralized with Lime 

(Sugar content, 2.56 per cent) 


748 

2 

890 

77.0 

49.5 

42.6 

752 

2 

850 

74.3 

52 0 

43.2 

765 

3 

850 

75.0 

46.1 

43.6 

770 

3 

8.50 

73.9 

47.4 

51.4 


F^vaporated Sulphite \\aste Liquor, Neutralized with Lime 

(Sugar content, 12 per cent) 


783 

1 

3 . 

f>8.8 

15.4 


784 

3 1 . 

51.8 

8.2 



Kvaporated Sulphite ^^aste Liquor Diluted 1:1 with Water 

(Sugar content, 6.0 per cent) 



Maenesia-base Sulphite Waste Liquor (Supar content, 2.5 per cent) 



» Values are a%-eraf£«i of a series of experiments. „ ^ „ 0-7 i ox? 

« Habrib, E. E.. M. L. Hannan. R. R. Marquabdt. Paper Trade Jour., No^. 27. 1947 
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Propagation was carried out at 35”C. For each kilogram of yeast 
produced, 20 cu.m, of air were supplied. 

1 he suspension of yeasts was centrifuged in a battery of Westphalia 
centrifuges o the direct-drive type. The cream thus obtained was 
^\ ashed by dilution with water, centrifuged again, concentrated to a 20 

^ '''' Oschatz double-drum 

The yield of yeast was 45 to 48 per cent based on the sugar 

Planrthe' TZ I Regensburg 

P t, the following chemical materials were necessary, according to 

Saeman, Locke, and Dickerman:' ” 

Material 

Ammonium sulphate. Pons 


Liquid ammonia. 

Potassium chloride. 

Diammonium phosphate. 

Magnesium sulphate. 

Trisodium phosphate 
“Garfett”.;;; 

Lipon (another antifoam) 


10 
75 
15 
30 
8 

0.5 

7.5 

9.5 




yeasts were used. 


by fourdiderfptSdur'“-"‘ation 

educing sugar. cL^rm ™d toThl “h" d 

the pH was 5.0 (approximatplv o i ^ Vdrolyzate until 

per cent of sodium sulphite was added 
boiling with live steam, cooled and filtered h 

Hy-Flo Supercel. The nutrient re • ^ Passage through a pad of 

0.06 g. of urea and 0 05 g of notIt ^^ding 

gram of reducing sugar present The™ phosphate for each 

desired concentration '^en diluted to the 

The standard laboratory procedure fnr yea + 
and his associates was as follows • A. 6 300 rJ^l P^'^P^S^t'on by Peterson 

placed in a 5 gal. Pyrex bottle rf’®®®-”'' ’“"'“unt of the medium wa.s 
moculum which contained 1 g. of cells pet “ 

placed “well below the surface of the medium ’> T 

; Locas. .„u measauas, t. 

^^ersasos, W. H., y. p, Sue., and W. c. Paarma. ,, 3, 3^ 
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foaming 10 ml. of Vegifat Y wore added. The Pyrex bottle \va.s intro¬ 
duced into a constant-temperature bath (or incubator) at 30°C’. Satu¬ 
rated air at the rate of 20 to 40 liters per min. was pji.'ised through the 
aerator into the medium. The propagation was allowed to continue for 


24 hr. 


Yields of 35 to 40 per cent of dry yea.st, based on the total reducing 
sugars, were obtained from such yeasts as T. utilis 'So. 3, Mycotorula 
lipolytica P-13, and Hansenula anomala. Approximately 90 per cent of 

the apparent reducing sugar was utilized. 

Production from Molasses, Sugar Juice, and Raw Cane Sugar. 
Commercial production of food yeast from molasses, sugar juice, and raw 
cane sugar has been carried out in a plant located at Frome, Jamaica, 
West Indies. This project was undertaken by the Colonial Office of Great 
Britain as a result of the need for such a product and of the information 
and experience obtained at the pilot plant operated at Teddington, 
England, by the Department of Scientific and Industrial Re.search. A 
description of some of the progress made at Teddington and at Jamaica 
has been furnished by the Colonial Food \east. Ltd.,* bj' Thaysen,* and 
bv others. The commercial process, as reported by these sources, will be 


briefly described. 

PREP.\R.\TiON OF WORT. —The wort is made up of the molasses (or 
sugar juice, or raw cane sugar), nutrients, and water. The molasses is 
diluted to a concentration just over 10 per cent carbohydrate. If sugar 
juice, or raw cane sugar, is used, it is similarly adjusted for concentration. 
It is “sterilized” by heating it to 93.3°C. (200°F.), filtered through^plate 
and frame filters to separate out suspended solids, cooled to 3<.8°C. 
(100°F.) by passage through a heat exchanger, and run into clo.sed mild 

steel storage tanks. 

Ammonium sulphate and superphosphate are dissolved, purified, and 
adjusted to the desired concentrations in separate equipment. Caustic 
soda, which is used to adjust the reaction of the fermentation medium, is 

separately prepared in solution form, also. 

The molasses is adjusted to a 10 per cent carbohydrate concentrabon 

by dilution with sterile water in a special mixing tank. Ammonium 
sulphate, superphosphate, and caustic soda are mixed with the mola-sses 

in the correct proportions. . . .- u . 

THE FERMENTORS.— The fermentors measure 62.5 in. in diameter ^ 

24 ft. in height and are constructed of stainless steel. They are supplied 

with cooling coils and aeration devices. The latter consists of 32 Aerox 
_x:_ __ii,.o with 0 6 .SO. ft. of surface, located at the bottom 


* Colonial Food Yeast, Ltd., Food least. May, 1944. 

* Thaysen, a. C., Foody p. 116, May, 1945. 
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of each ferment or. The pores of the candles do not exceed 10 microns. 
Ihusjhe air particles are very small and e.\trenu<v numerous, increasing 
the efficiency of aeration. The fermentoi-s are designed for continuous 
usage for >4 hr. followed hy emptying and cleaning. 

01*LR.XTI0.V.—The fermentors are initially filled half-full with dilute 
wort, containmg about 200.(K)0.000 yeiust cells per milliliter. After 

"'Ultiplicilion of (he oells readies a ma.xin,um 
Wr eeirir -"i"- "<■« coll to form from u 

tratuiii of «• Is will Iki alsiut 2.(KKI.(HHI,(I<X) per ml. Iiv the time the fer 
mentia- 1 ,. full, hrom this time on, one-fourth of the lotal volume of the 
fern.™,or ,s mplaeial with the same volume of dilute wort erel. Imur 

J eell eoneen, rat ion remains at appro.vimately 2,(KKI,000,0(10 evils per 
A measuring device controls the rate at which the wort is fed to the 

incnlsingn^ ^ logarithmicallv 

antither ^,ea.urin:\t:i;:’:ri;™:ffi;:e: 

wort to a eoneentration of d.o per een, sUKar. 

The pll of the medium is adjusted with caustic soda 

oieansdr-r' '--ntor hy 

tj'o.t„'x.s'll;'rri-Dv K 7' h"''"”' ’'"■ 7 "''' ^ 

teferr., to a, yeas, cream and s In,'w or ' 

pr-eas i. n.p,.„„.i. .\C ,,77 i !".' latter 

cn am is driial on sinRle roll drum drie7 to<he yeast. 

per i-ent. "■ “ """'‘I""' ™nte„t of about .5 

The driisl yeas, is pas-esl under an electric maane, fo. ,K 

removing any tramp iron It is ,|,„„ thr purpose of 

abeorption of moi-tun. by the dried product TfTe ^'■"7 P"’'''"' Hk 

,ion weighs 27 to 30 lb. per cu. ft ^ I'® K^uund, dried prepara- 

C.\P.\CIT^' or PL4VT _T*k * 

<Iayof24hr. ‘ 12 tons of dried 

ProHwtion from Wood Sugar Stillaae ~hA,nh i U' u 
Hams and as.ewiates.» and others h^e’stnd ('heldelin,=' 

.veasts from wood sugar ..tillage on a I Production of ffxJder 

■K. kth K F '''ood sugar 

• Kcth: K. ^ - 2.: 2(M 

‘ 38 : 617 ( 1946 ,. 
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stillage (still waste liquor) is the product remaining after woo<l sugar 
hydrolyzates are fermented with yeasts and suhsetiuently distilled and 
contain pentoses (xylose and arahinose). acids (acetic, formic, etc.), ash, 
and other constituents. The compositions of the waste liquor obtained 
from a Douglas fir hydrolyzate ami the spent liiiuors after fermentation 

are shown in Table 55. 


Table 55.—.Vnalysls oe Ligroa before a.nd ArrER Torci.a <:r(jwtii' 



'loriila 

spent 

litpiors 


3.2 
0 81 
0.97 
0.24 
0.78 

0.65 
1.03 
1 .42 
16,400 
5.0 


2.40 
0.20 
0 34 
0 10 
0.31-0.5 

0 36-0 47 
0.58-0.68 
0.94-1 04 
9,600 
7 .5-8.0 


Total solids, per cent. 

Reduoinp: sugar (xylose), per rent . 

Iledueing sugar after hydrolysis with 11:804, per cent 

Volatile acid (acetic), per cent. 

Volatile and nonvolatile acid (acetic), per cent. 

Ash, per cent 

Residue upon combustion. 

Residue converted to sulphate. 

Total carbon, per cent. 

5-day B. O. .. 

pH.. 

> Kurth. E. F., Ind. Eng. Chem., 38 (No. 2): 204 (1946). 

The yeasts used by Kurth and C'heldelin* were Toruhpsis utilis No. 3, 
Mycotonda lipolytica P-13, and Hansenula suavcoleris \ -838. They were 
transfer«.d repeatedly in a wood stillage naedium to 

growth. As inoculums, yeast concentrations of about 100,000,000 celts 

ner ml. were desirable. . , 

The conditions of fermentation were as foUows: The 
wood sugar stillage from Douglas fir. reinforced by the addition of urea 
and diammonium hydrogen phosphate in O.Oo per cent concentrat.or^^^ 
The pH was maintained between 5.0 and 6.6 mth ammonia. . 
inoeuLion the liquor was aerated. The rate of growth of the yea^ and 
also of the sugar consumption were affected to 'he jj. 

“"d air bubbles for best results. Table 56 shows the effect o -r« 
propagation time and final reducing-sugar eontenb With .u 
aeration the assimilable sugar may be consumed in 18 hr. or 'e^' 
rate of sugar consumption was increased as the temperature \\ 

from 24 to 34°C. 


* Kurth, (7heli>elin, loc . 

* Kurth, loc . cit . 
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Tvble .56.— Ekfeot of .\eration' 


Aerator 


('-poro«ty fritU*d-^lai« lubes 


C'loth or FX’.poroMty fritlfnl-gla* disks 

4-mm. idaiK tubing. 

Shaker Haska. 


Time, 

hr. 

1 

Final reduc¬ 
ing sugar, 
pt*r cent 

16 

0 30 

19 

0 20 

24 

0 20 0.22 

24 ' 

1 

0 40 0 49 

72 1 

0 30 



• Kcvra. E. |^4, Ch^.. it; 204 


.h, rr'‘ ''>»> ""-ro »»» bin littledislinrtion among 

the different apta-iee of yeaete uretl in n^speet to their rate of groivtlt sutrar 

iitihraliun, yield, »n,l ntilritional value. All were al.le to utilize L laL 
prajatrtion of the rast.lual eugara anti aeitia in the ivoikI sugar stillage 

Data eoneeming the oonteuta of prateiii, amino aeida, and H vitamins 
aLl Is yeasts studied by Kurlli and Cheldelin are given in Tables 57 


Table ,*) 7 . 


Au.vt, .\r,n.s ani. Protein Content of Veasth 
• i^entHRe of oveiiHlry weiKht^)* 



(jr^ume 


Momer. 


«: «I 7 f 1946 ). 

T :.113 ( 1945 ) foratrain K 1 (J 6 . 


Tl.e produnion of f.Ridor yoa^^ 

RUKar stillaifc haa bwn dei^cribod 

PaRp 203). 


»th, and Chelokliv, Uk_ c 
BRIS, S^EUAS. MaBui aEDT 
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Fodder Yeast frorn Citrus-waste Press Juice. —Nolte, von Loesecke, and 
Pulley* described the production of fodder yeast from citrus-waste press 
juice. This juice is obtained by pressing ground citrus waste (peel, rag, 
and seeds) that has been limed. It contains 4.08 to 8.58 per cent of total 
sugars with an average of 6.63 per cent. It is deficient in phosphates and 

nitrogen. 


Table 58.—B Vitamin Content of Yeasts 



Vitamin content, 7 /g. 

dry wt.' 


Mijcotorula 

Hansenula 

Torula 


5.3 

8.5 

6.2 


59 

54 

49 


600 

590 

500 

Oq ri + ofon 1 o fiPifi ... 

« • • • • 

180 

130 


1.8 

1.7 

1.8 


3.1 

1.7 

2.8 


31 

16 

17 






1 Kubth. E. F.. and V. H. Chbldelin, Ind. Eng. Chem., 38: 617 (1946). 


The juice is prepared for use by screening it, heating it to the boiling 
temperature, and holding it for 5 min., adding filter aid to it and filtering, 
diluting it with tap water to adjust the total sugar content to 1 per cent, 
and cooling to 30°C. Trisodium phosphate and ammonium sulphate are 
added to the juice in the proportion of 9 per-cent based on the total 
amount of sugar in the batch. Since additional ammonium sulphate is 
required, it is added during the process at the end of 1 hr. and during the 
succeeding 3 hr. at the rate of 1.75 per cent per hr. Sufficient sodium 

carbonate is added to maintain the pH between 4.4 and 6.5. 

The nutrient citrus-waste press juice is inoculated with 4 per cent y 
volume of a 2-day culture of Toridopsis utilis in malt wort (which con¬ 
tained 6 per cent of total carbohydrates at the time of inoculation). 
The medium is aerated vigorously with filtered air and maintained at a 
temperature of 29 to 30°C. The process is generally completed in 8 nr. 
The yeast is separated by centrifuging and washed. The yie ds fiom 
citrus-waste juice containing 1 per cent of total sugar (after dilution) are 
44.3 to 48.0 per cent of dry yeast (177 to 191.9 per cent of wet yeast con¬ 
taining 25 per cent of solids) Iiased on the total amount of sugar in the 


juices. 

* Nolte, A. J., 

670 ri942). 


\V. VON Lokbecke, and G. N. Pullev, IruU Eiig. Chem., 34. 
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Production of Fodder Yeast on a Continuous Basis. — THg continuous 
propagation of yeast has been studied by Harris and his fellow researchers. ’ 
The equipment used (refer to page 207) was a modification of the \\hildhof 
ferrnentor, which was used in Germany during ^^'orld M ar II for the 
continuous propagation of food yeast from sulphite liquors. It con¬ 
sisted of an open tank of 34-liter fermentation medium capacity^ a 
mechanically driven spinner, G in. in diameter, which was operated at a 
speed of 1,100 r.p.m. and served as a combination aerator and agitator by 
drawing the fermentation liquor down through a draft tube and forcing it 
up and around the sides; a proportioning pump to control continuous 

feeding; and a standpipe, which was slightly higher than the draft tube, 
for controlling continuous discharge. 

The propagation was carried out as follows: Two liters of a solution 
that contained 100,000,000 yeast cells per ml. (T. utilis Xo. 3) won* 
placed m the ferrnentor. The spinner was put into operation and then 
wood sugar hydrolyzate, diluted to a concentration of 2.5 per cent of 
reducing sugars and containing nutrients, was added at a rate of 2 liters 
per hr. Air was introduced at the rate of 0.5 cu. ft. per min. The sp(>nt 
inedium containing the yeast started to overflow from the ferrnentor into 
the standpipe m about 5 hr. The yeast was separated from the liquor by 
cento-ifuging and returned to the ferrnentor until the volume of wet yeast 
in the ferrnentor was about 7 per cent, or 1.8 per cent dry yeast \t this 

aZHt“d hydrolyzate, of 4.5 to 5 per cent concentration, was 

fitted and the rate of air flow was increased to 0.75 cu. ft. per min 

The temperature of fermentation was 30 to 32°C. and was controllcrl hv 

cooling coils and an electric heater. No aatifoam agent was required ,lue 

r zr feel«"t“'“'5''" 

und"" Itd^St-shlm- “n'th™ 

EFFECT OF IRON PRODUCTION OF VITAMINS_ Ton-;- * 

Hhodavit z:itZacrd: ry:^o 

thesis of pantothenic acid were observed ' ^ 

and this countrv TRaco u i " Hritam, 

■ HsamsTl “'bjeels 

’U« ," i c '<» rh 

UEwis, J. C. Arch. Biochem.. 4 (No. 2): 217 (1944). 



204 


ISDUSTRIAL MICROBIOLOGY 


Tablio 59.— ('ONTiNUOUS Phopagation of Torula uiilis on Wood IIvDnoLvzATE, on 
Sugar IIesiduks from Aluoiiolic Fermentation of Wood Sigars, and on 

Sulphite Ligrou* 


Series 

No. 


Iliite of 
feed, 
liters/hr. 


Sugar 
concen¬ 
tration, 
per cent 



Air, 
cu. ft./ 
mill. 


Air, 

cu. ft./ 
Ih. of 
yeast 


Reducing 
sugar 
used, 
per cent 


Drv-vcast 
yield based 
on total 
sugar, 
per cent 


Protein 
content 
of yeast, 
per cent 


Wood hvdrolvzate 


9 

3.0 

I 

1 

1 

1 

4.7 1 

1 

0.75 

415 

88.4 

1 1 

36 4 

52.0 

10 

2.0 

4.5 

5.0 

0.75 

630 

92.0 

35.9 

52.3 

11 

4.0 

4.5 

5.0 

0.75 

313 

86 .5 

36.0 

52.7 

12 

4.5 

4 . 5 

5.0 

0.75 

275 

85.3 

36.5 

54.4 

13 

5.0 

4 . 5 

5.0 

0.75 

296 

83.1 

30.5 

52.5 

14 

3.0 

4.6 

6.6 

0.75 

295 

93.8 

49.7 

58.6 

15 

4.0 

4.6 

6.0 

0.75 

210 

93.4 

52.6 

57.3 

16 

4.5 

4.6 

6.0 

0.75 

212 

93.2 

46.5 

56.5 

17 

5.0 

4.6 

6.0 

0.75 

203 

91.1 

43.4 

52.5 

18 

5.0 

4.6 

5.5 

0.75 

208 

90.4 

42.5 

51.9 


Fermentation residues 



Sulphite liquor 


21 

2.0 

1.66 

22 

3.0 

1.66 

23 

4.0 

1.66 

24 

5.0 

1.66 


5.0 

5.0 

5.0 

5.0 


1 Harris, E. E.. J. F. Saeman, R. R. Marquardt, M 
40 (No. 7): 1220 (1948). 

* Values corrected to product with 50 per cent protein. 


0.50 

1040 

79.0 

39.2 

52.7 

0.50 

695 

78.0 

39.0 

52.5 

0.50 

540 

75.0 

37.6 

52.0 

0.50 

550 

59.0 

29.6 

51.0 


L. Hannan, and S. C. Rogers. Ind . Eng 


as the digestibility of the yeast in human nutrition; its vitamin content 
when gro^\Ti on different media; its protein content; its amino acid con¬ 
tent ; its value as a food constituent for children and adults and as a feed 

supplement for hogs, cattle, chickens, rats, and other animals.^ 

Among the reports on these subjects may be mentioned those ol 
Fingerling and Honcamp (1933); Hunger and associates (1934); Fmk and 
Just (1938, 1939); Scheunert and Wagner (1940); Stephenson. Penton. 
and Korenchevsky (1941); Dirr (1942); Dirr and Von Soden W- : 
Hock (1942); Bickel (1942); Thaysen (1943); Thaysen and Morns ( 94.3), 
Lewis (1944); Lewis. Stubbs, and Noble (1944); Butschek (1944), i son 
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(1944); Colonial Food Yeast, Ltd. (1944); Klose and Fevold (1945) • Peters 
(1945j; Kurth and C’heldelin (1946); Agarwal, Singh, King, and Peterson 
(1^/). The subject was reviewed by Carter and Phillips in 1944. 

he high protein content of diy yeast has already been referred to 
(Table 53). There is some indication that yeast protein may be deficient 
in the ammo acid methionine and possibly in cystine, according to Hock 
and Fink.’ Klose and Fevold^ found that torula yeast and brewers’ 
.veast contained inadequate quantities of methionine for the optimum 
growth rate of chicks. However, a large percentage of animal protein 
could be replaced satisfactorily with yeast. In spite of these indications 
food yeasts may be regarded as valuable protein supplements 

Among the vitamins of the B-complex found in yeast are thiamin, 
riboflavin, niacin (nicotinic acid), pantothenic acid, biotin, pvridoxine 
o .c acid, and p-aminobenzoic acid. The thiamin, riboflavin, niacin, and 
fohc acid contents of four different species of yeasts, grown in molasses 
media and sub.sequently dried, are shown in Table 60. 


Table 60. 


Vitamin- C’o.xtent of Yeasts ( 7 / 0 . of Dry Veast)' 



S. cerevinae 


T. utilis 


Molasnes 



C. arborea 


O. lactia 


UnsiriK (beet) . 37 6 43 8|414.3 21 61.37 5 
Mason City ' 

.135 7 .50 4 U 43 3 

Ovid (beet). . .j32 7 45.4 442 8 
Hawaiian (cane I j 

blackstrap).. '40.8 49.1:568 .1 


19.1’35 4 


15.2 32.r;69.5 503 1 
1^1 
I 

10.6 33.1152.3 492.3 

11.7 31.3;53.0 512.3 


10 7 33.1 



242.4 


106 (wT*'" H- I’=ter 80 n, Arch. Biochem.. 14 (Noe. 1 and 2): 

Ulilis. "uvris aL“‘hfs'tss„datt'^lrnd*i™ 

micrograms of riboflavin and 610 m’ i^’crograms of thiamin, 36 

(do- ba^i.) produerdr 

nd™ of riboflavin, and 535 .ic^gva^s 0 “-” 

(1944). Noble, Arch. Biochem., 4 (No. 3): 389 






1 



. • • 
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(dry basis) produced in fruit juice media. Kurth and C'iieldelin' found 
6.2 micrograms of thiamin, 49 micrograms of riboflavin, 5(M) micrograms 
of niacin, and 2.8 micrograms of folic acid per g. (on a dry basis) in yeast 
grown in wood sugar stillage. Thaysen- reported 23 micrograms of 
thiamin, 54 micrograms of riboflavin, and 440 to 490 micrograms of 
niacin per gram of yeast (dr>' basis) grown in molasses. 

Processing of Brewers’ Yeast for Use as Food 
he debittered and otherwise treated before use as a food constituent. 
Reports concerning the processing of brewers' yeast have been presented 
bv Siebel, Weber, and Singruen^; Haffenreffer^; Burton*; MacDonough 

and Haffenroffer,® and others. 

In the process described by ^MacDonough and Haffenreffer,® yea.st 
cream (10 per cent yeast on a dry basis) is pumped through a filter into 
a weighing tank where it is weighed prior to transfer to a debittering tank. 
The yeast is washed first with water, 10,000 lb. of water being added to 
5,000 lb. of yeast slurry. The mixture is separated into a yeast concen¬ 
trate and waste liquor by passage through an Alpha Laval yeast separator. 
The yeast is washed next with a caustic soda solution at a pH of about 
12.1. Two parts by weight of alkaline water are employed for each part 
of yeast. The mixture is passed through the separator. The yeast is 
now washed with a solutioa containing 0.05 per cent caustic .soda (5 lb. of 
sodium hvdroxide in 10,000 lb. of water) and the mixture passed through 
the separator. Finally the yeast is washed with cold water and concern 

trated by passage through the separator. 

After the debittering treatment, table salt is added to the concentrate 

in the amount of 2 per cent of the dry weight of the yeast. ^ Likewi^ 
sufficient U.S.P. phosphoric acid is added to lower the pH to o.o to o./. 

The yeast preparation may be enriched, if desired, by the addition of a 
solution'containing thiamine, riboflavin, and niacin. The concentrate is 
stirred uniformly and then dried on a double-drum drier. The final 


product is pulverized and packaged. i 

In order to prevent vitamin losses during processing it is essential to 

use speed and temperatures not above 40°F. These precautions are 
especially important during the debittering process. 

I Kvrth, E. F., and V. H. Cheldelin, Ind. - f 

S V 'rj F Webek, and E. S.bbbeek, Modern Br„rry « 

w « (1941); 96 (No. 6): 40 (1941); 97 (No. 1); 49 (1942); and 97 (No. 9): ,4 
''*l^HarFEN»ErrEIl, T. C., Jn., Brewer, Bull., 36 (No. 87); 4 (1943). 


7 (No. 20): 39 (1944). 
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LABORATORY FERMENTORS FOR YEAST PROPAGATION 

A number of laboratory-scale fermentors have been developed for the 
propagation of yeast. One of these is illustrated in Fig. 37. Another 
has been described by Feustel and llumfeld.^ Fermentors designed and 



Marquardt, Paper Trade Jour., Nov. 27, 1947.)^ ^ ^ Hannan, and R. l{. 

construct^ at the Forest Products Laboratory and at the \\'cstern 
Regional Research Laboratory, respectively, are described belotv ' 
orest Products Laboratory Yeast Propagator.—Harris Ibinn-m ) 

M^quardt* constructed a laboratory-scale fLrentor p lpag ZT:,. he 

The propagator (fermentor) consists of several essent ial parts: an open 

■ I. C., and H. Humfeld, Jour. Bad., 62 (No 2)- 229 

^ Harris, Hannan, Marquardt, loc. n/. o- (194b). 
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‘AIR CAP 


BALL BEARING 




PRODUCT 
OVERFLOW 


AERATION 

WHEEL 


FERMENTOR ASSEMBLY 


scale 

0125 INCHES 





VULCANITE 

SLEEVE 




AIR CAP 

SCALE 
0 I INCH 


BOTTOM 

BEARING 

SCALE 

0 / INCH 


SHAFT 

BUSHING 

SCALE 
O / INCH 


TOP VIEW 



SECTION A-A 

AERATION WHEEL 
scale 

0 / INCH 


1' An—T «horatorv-scale experimental fermentor with mechanical aerator built at the 

tank of 34-litei- capacity, with reference to the top of the overflow tube; a 
motor-driven proportioning pump; an aeration wheel which perform,, the 
dual functions of aerating and defoaming; a draft tube; temperature 

reciilatinK equipment; and a pH controller. ... ,. i i ,r 

During operation, the fermentation solution is fed oontinuousl> h.> 

























































































PRODVCTIOX OF YEAST AND YEAST PRODUCTS 2G9 

Zrani“et”wi.eel “ P°-t n-t to the 

distributes it uniformlv in \i,: f„I„ above the liquid ” 


'ti srr et^rr - -;°:r" 

through six tubes Thp • . delivered to the medium 

rate of 1,000 r p m pulls fhe'^^^° r " spmner) which revolves at the 

the outs de hberating forces it up 

uoerating the gases as it drops down the draft tube. 



SS2S;SB:3;iS=|^P5 

.hei™i7r“:Jh xtteVor Tr ^ ‘^e outside o; 

cuculated as required. which cold wateM, 

An indicating controller 

mentation medium A + measures and controls the nH rtf +k r 

^^intain the Th carbonate is adJed 

adjusted to an initial pH of .3.9 to 4 0 J customarilv 

medium increa.ses as the v east grows. ’ fermentation 
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The yeast and spent liquor pass out through a standpipe d 
Western Regional Research Laboratory Fermentor .—Humfeld (1947) 
described an improved laboratory-scale fermentor for submerged-culture 
studies. This fermentor has a mechanical foam breaker and can draw air 
in by the suction produced by the stirring blades. It has a capacity for 10 

to 18 liters of medium. 



U S. Department of AgricultitTe.] 

' The tank ia a Pyrex glaaa jar of 12-in. ‘ 

kom this cover an agitation-aeration assenrbly of « 

is suspended. Plans for the fermentor arc presented m Fip. 44 o 
As win bo seen by reference to Fig. 43, the fermentor assemlily “ 


• Ibid. 
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lo some extent; four metal stnils attaolted to the cover at right angles ami 
lonnefttnl at the bottom by a metal web 

to furnish support for the stirring shaft. 

The device for aeration and agitation 
is located at the lower end of the shaft 
3 . It rotates between stationary cir¬ 
cular plates (23 and 24i. The upper 
one (23i is attache<l to bars (19 and 2(M; 
the bott<jm one is held to the upper plate 
by studs. Ihe culture metlium enters 
the lower plate thr.>ugh a circular hole 
■2.5.. Four tuU-s (28) are attached to 
the .shaft and form arc.s at right angle.s.to 

It. \ am.s (27) arc attached to alternate 
^'t.s of the tul)es (Tigs. 43 and 44 i. 

Air enters through a pipe (21 1 . which 
••xtencls from the cover to a location 
directly ladow the central con* of the 

uguatii.n-aeration device. When the 

sliaft I.S rotattsl. the vanes (27) caws<‘the 
me,!,urn to flow up through the circular 
'‘ix-rung (2.5). lK,n* (3(J;. tuk-.s (28,, and 

om of the casing and past pins (2(i,. 

Ihe mclium also flows through the.,|),*n- 

mgtothecri.singsinteriorandoutbvthe ^ , - 

l)il>e, a,r ,.s Mn ked through the pijK* into it. 



un!’,‘ of fermontor 

u*ut. (( ourtt^u of \Ye,tern Regional 

of Agri. 



T he air pasises through bore (30), 


28 26 
^—Top rira o( 
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40 9 40 II II 



41 12 41 12 12 

Fig. 46.—Side \’iew of foam-breaker 
disc. (Courtesy of Western Regional 
Research Laboratory, Bureau of Agri¬ 
cultural and Industrial Chemistry, 
U.S. Department of Agriculture.) 


tubes (28), and out of the casing. The amount of air used is regulated by 
raising or lowering the tip of the pipe (21) in respect to the inlet of bore (30). 

Cones (13 and 15) are fastened to the shaft by means of webs (14 and 
16, respectively) and when rotated mix and agitate the medium. 

The foam breaker consists of a cone (6) and a disc (9), located above 
the normal level of the medium. The disc (9) is secured to the shaft 

by a collar (10) and contains an interior 
set of vanes (40 and 41) (Figs. 43 and 44) 
half of which (40) are turned up and half 
of which (41) are turned down, and an 
exterior set of vanes (11 and 12), half of 
which (11) are turned up and half of 
which (12) are turned down. When the 
disc (9) is rotated counterclockwise, the 

inner vanes (40 and 41) force the medium towards cone (0) and the outer 
vanes tend to force it towards the side of the vessel or its contents. Thus, 
the foam is broken effectively. A recent modification of this ferment or 
consists of a change in the design of the stirrer (Fig. 44), to give a greater 
capacity for aeration, and the elimination of supporting struts. 

The fermentor is provided with a set of pH meter electrodes and with 
leads protected by removable waterproof tubes. It is also provided with 
a thermometer well and a sampling tube. The power for operating the 
fermentor is supplied by a 0.25-hp., ball-bearing, variable-speed electric 

motor, mounted vertically. 

For further details of construction refer to the description furnished by 
the Western Regional Research Laboratory, U.S. Department of Agri¬ 
culture, Albany, (’alif.; for additional information on its operation refer to 

the paper by Humfeld.* 


FAT PRODUCTION BY YEASTS AND YEAST-LIKE MICROORGANISMS 

Only under conditions of a national emergency would one ordinarily 
attempt to produce fat from microorganisms, for normally the demands 
„f a country may be met by domestic production from animals and higher 
nlants, or by importations. Hut when the usual supply becomesMnade- 
(jiiate, waste carliohydrate materials may be used for the synthesis of 

fat by microorganisms. , . 

Fat may l,c prr.cluco.l by a number of different m.croorgamems 

by yeasts; by ycaBt-likc mirroniBanisms, sueli us Oospora ((Mturn) 

ladis: and by molds (a discuasion of fat production by molds appears m 

Chap. XXXIV). 

I UifMKF.Li), II., Bad., 64 (No. «); 689 (1947). 
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“Fat” Defined.—The term “fat,” as used in this chapter, refers to 
suiistances insoluble in water but soluble in ether and othei fat solvents. 
In the literature, one finds that some authors use the term “lipoid” to 
designate the crude fat obtained from microorganisms. However, in 
view of the wide use of the word “fat,” which is more properly restricted 
to mean the esters formed by combinations of fatty acids with glycerol, 
this term will be used throughout the present discussion to include what 

actually would be classified as lipids, according to Bloor. 

Under the term “ lipid,Bloor includes the simple lipids the fats, 
oils, and waxes; the compound lipids, such as the phospholipids; and 

the'derived lipids, such as fatty acids, sterols, and alcohols. 

The Fat of Yeast.—Some of the first studies concerning the nature 

of veast fat were carried out by Niigeli and Loew (18/8), Gerard (189o), 
Gerard and Darexy (1897), Hinsberg and Roos (1903, 1904) and Sedl- 
mayer (1903). In recent years, amongst others, Smedley-MacLean and 
coworkers have made notable contributions to the knowledge of this 

In yeast fat are found palmitic, oleic, linoleic, and laiiric acids; the 

phospholipids, lecithin and cephalin; ergosterol and zymosterol; and 

other components. A large proportion of the crude fat is unsaponifiable 

Production of Fat by Yeast.—Niigeli and Loew first proved that 

carbohydrates could be transformed to fat by yeast.^ , . 

Fat production is a normal function of yeast cells, but the rate of i s 

f„rmal,ion and the ..uantity of it stored may be increnserl ^ 

dnetion are the use of a medium rich in carboliydrate, oxygenation, and 

'^''TKTge'natii.n of a medium is essential if greater than normal tpiantities 

of fat are desired. Nageli in 1878 showed that the fat f;” 

and molds could be increased from .5 to 12 per cent when they ne . 
grown in well-oxygenated mclia containing an abundance of car 

hydrates and a scarcity of nitrogi'n. ^ 

well'«ygm.ll medinm containing I per cent glt.cose caused ...creased 
fat storage in a suspension of brewery beginning of the 

cxp!;rrent, diminishing later. Whe,. the concentration of sugar was 


II. B., “Tlu. Biochemistry ot I,i„i.ls.'’ Jolm Wiic.v A Sons, h."., Nc* 'erh, 


1937. 
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imreaso<l, the amount of phospliate ahsorlnnl by the yeast cells tyis 

likewise aURmenttsl ‘ 

HlruLol :u.,l s,:!n„m aZ , ? 'I,us far „„ly efhyi 

sipiiticant increasi^s in the amount^^/ar^t Produced 

The.* compounds must be3 in rel t i"'m yeast.^ 

fj<>r cent concentration of ethyl ale h r' r ' '^^’•ition (a 0.5 to ().(} 
the concentration of either abo\ e'* '/ hecause increasing 

The rate at whi^ oxten t --'hs 

.idiurn acetate determimsl chiefly tl ^<^hitions of ethyl alcohol and 
U hen a solution of t W '‘r! in yeast, 

fat an.l carbohydrate is not incre!u"xh n^vgenated the storage of 

Id><;id‘malH Ji-n the ^ 11 “" 

-nu/,., acconling to%-1- in AWern.cc. 

- Tr.>hta.rg type,, when grown'n it 1 ^east 

of ethyl alcohol and oxygen shtw yapors 

Hy ke,*ping the moisture 

‘In-mg atmosphere, the highest yiel.ls of of a 

of alcohol yapor. Substitution of ethyllk.'o7 ! P't‘-"<^nc(> 

eontml exr^*rimenfs yielde<l n.*gatiye Isiltl. " 

of samples of yLf tlblTlnlt^enT 1 ^ 

«olut.un.s of X 14 acetate. ‘ V'g^natnl water and in o.xygenateil 

r..u=6,.-Av.K... lx. y,T( W..v.oK , 

' ARIOI s SoU TION.S 


•Elution 
^ at<*r 

P*»ta«ijm a^'f>tativ 
Sodnirri acptat^, 

f aii'iUDi arf'taK*. 


• • 


I/KToasf' in 

^'at (’ontent 

4] 

ISO 

160 

118 

100 


* -'^wt nLET-\I^, I^K\n I jr. 1 r- 

,’,''"'’'-«-'lArt.r.,.x'„dn^;; 2S-5 n93«,. 
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ina small aiiiuuiit& *** -- — 

Pyruvats is not so effective as lactate in forming 


When phosphate is added to a 0.6 per cent solution of sodium acetate, 
there is no increase in the quantity of fat produced from the acetate. 

Fat is produced from sodium lactate and sodium pyruvate in oxygen¬ 
ated solutions containing yeast, according to Smedley-MacLean and 
coworkers. Shaking the solutions of these compounds increased the 
quantity of fat and carbohydrate stored. Lactic acid, or lactate, usually 
yields carbon dioxide and small amounts of volatile acids in addition to 

%’ 4 • 1 11 , __ X ^ --• 

the stored products. 

storage compounds. ,, u. • i 

No increases in the lipid content of yeast, not equally well obtained 

by oxygenating a suspension of yeast in water, were observed by oxygen¬ 
ating solutions of the sodium salts of citric, crotonic, fumaric, gluconic, 
levulic, maleic, or succinic acids; acetoin; 2:3-butyleneglycol; or methyl- 

ethyl ketone.' , , 

The addition of calcium or magnesium ions to an oxygenated solution 

of glucose significantly decreased the quantity of lipids usually stored in 

veast Likewise, the addition of these ions to oxygenated solutions ot 

acetates caused a decrease in the amount of lipid material ordinarily 

formed from the acetates.' , , , u ,. 

Fat Production by Endomyces Vemalis.— Considerable research v as 

undertaken by Lindner and his associates at the Institut fur Garungsge- 

werbe of Berlin at the time of World War 1 in an effort to produce 

from Endomyces vernalis on a successful economic basis. 

l-MUs KroM's as a mat or skin over the surface of a luplid medii m^ 

For fat production, oxygen is essential. However, agitation ot 

medium is not beneficial. , fnf 

Several carbohydrates are assimilated but not fermen e . 

.fr.rt.rrp is souLdit this is a desirable feature of the organism. 

'eelluL waste, hydrolyzed wood, and 

ilahle source of carbohydrate may be used as law materials 



production. 
Want 


^sulphite liquor, fortified with nitrogenous substances and the 
necessary salts, is a tavoian urine molasses 

-'"r Zlbrrrzrt'ris essentia, tor the ma.xinium 

production of fat. ,„e.,..fia 15 to 20°C., although a 

The optimum temperature for g 

temperature as low as 10”H. may be used. 


1 Ihid. 

* Fink, H.. H- un< 


1 W. IIOKRBCUOKK, Chrm. 7Ag., 61: 689, 723, 744 (1937) 
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In the production of fat by E vernalit t« „ „t. 

in the incubation period- the Dh»rT ““-V bt recognized 

addition." TheXse :f“ilafbe^^^^ « “ays in 

satisfactorily used for inocnl«ti ^ o^’S^nism may be 

maybecul/vated in^r^^^^^^ the orgamsm 

but for fat production (“fat generation 

hydrate is essential. Thus is illustrated the”^ Pff ^ 

optimum conditions for growth and nnf ^ ^i^erence between the 

tion of a desirable end product ^ P^oduc- 

P'’oducin| fat from ^iTcma^ronl^^^ methods for 

=.;: =::i“ is 

thin loose heaps overthe floor in 

vernalu The heaps were turned several tl * ““sponsion of E. 

sprayed with water. At ll°c fat m-.t ^ ““ri “ocasionally 

mately 12 days; at 20«C.. in 8 t 10 daTs “ 

temperature of not above 50°C. ^ fungus Avas dried at a 

material 'vas'taptgnited^'with T25 ‘ho inert 

inoculated with £\ vernalis: ^ molasses solution and 

Table 62 . 


iable 62 .—Data on Fa't t> 

Amount of sugar used. Rom-rTio.v By Endomyces vernalis 

Sugar used in CO 2 production;..'.. 12.5 kg. 

4.16 kg. 
8.34 kg. 
3.33 kg. 
0.95 kg. 
28.5 

The- ■ - . ^-6 


Sugar left for fat formation 

1 neoretical yield of fat. . 

Actual yield of fat . 

Percentage of theoretical yield. 

lieJH nn . 


on basis of sugar used 


. per cent 


Funher re difflcuir tr^ounterad t ^ 

;a^e scale, the organism was gra^u'-in 1“!'' ^-ied out on a 


om. in depth) of a '“"‘“ining a shallow 


“ “‘erilized nutrient sofurion 


of 


sugar. 
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In order to conserve space and to facilitate handling, the pans were 
placed one above the other in frames. No covers were placed over the 

^ men the mat, or grow'th, on the surface of the solution m the pan 
became well-developed, a large part of the culture solution was carefully 
run off and replaced with fresh nutrient sugar solution, .\fter the maxi¬ 
mum fat formation (usually in 7 to 8 days), the spent culture solution 
was drawn off and the mat carefully washed by repeated underlay ermgb 
with water. The mats thus obtained, rich in fat, were used 
Such paste was designated, for example, as E^ernal ^ y 

The protein content of such pastes was valuable. , . 

In this process sugar utilization was nearly complete, but the neces¬ 
sary use of much hand labor increased the costs, while infection by yeasts, 

molds or bacteria was a very serious matter in some cases. 

liLoverxj of Fa<.—Fat may be obtained from L. vernahs by one 

several methods: by chemical means, by extraction with ether “ 

autolytic process. In the chemical method the xhTw 

Ttaird as nlntra/fat, may be used for food. The effic.ency of the 

"^-iTe cel'lite ground with sand to disintegrate them before extraction 
with irer Fat so obtained is used industrially. The ethc.ency of tins 

process is not high. . a i„ cnor' fnr 2 to 3 davs in 

.Self-,ligestion is the autolysate. 

Fub-r fat heeps well if oxygen is completely 

“‘^FarProductlon by Obspora (Oidium).-In year 
isolated a species of 0.,,poru to 

of this organism. ^ eontained 10 per cent 

far p^r'ce^t protcL The Havor'and odor of the lilm resembled 

“"Tur'fHo‘strains of Odsp^n 

produced considerable 'luanrilms o r^productd well and produced good 

yields of fat. Of these two strains, ‘ uniformly, 

sensitive to higher temperatures lurd it reproduced 

. HAMSBOVK,.., .1., Kril. 

s. :,'S; 'kJl: H:Tu‘;r, )i',.rT',h;si.sc.o.i.., ... «= 

(1037). 
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resK>tant to heat and infpTtinn hi- It i6 (piite 

of growing in a me<lium tliat has become infectti bi 

Zi'^Tll’ ^he LTe^eTfally 

t>pttmum Condition* for Fat Production _ n~ 7 • 

naturaJIv in daii^- prtxlucts uhev i ■ 11 ^onpora Inctts occurs 

rr..a. ammonium sluph^o <,r "m^ "'"' ^ha.anooa. 

nitrogen, while prirn ir\' rx / ‘ u ” 1 ”' iicetate are good sources of 

j^ulphate are excellent sourees of o ♦ • ^ magnesium 

sulplmr. Phoaphale, magnesium, and 

A> an illustration of the nature of lUaa 
results obtainwl when Od-wn lac/,, ' ^ nutrient medium and the 

exiH'riment is (jiiofisl : The nutrient'^ ^rown in Jena flasks, the following 
2 g. of lunmonlum 2 liters of whex^ 

n 5 g of magn.-sium sulphate In each of^*^ P<^‘*.s.smm phosphate, and 

An examination of fhil tal 1 

ihe exp<‘riment the maximum vield ore ^ I'V of 

Other e\|x*rinients bv Kink H nbtaineri in (i days. 

that the siiallow pan (ir.l'ish wa.ssum‘rTor? *1^ indicate .1 

The optimum temperature for fat nr T ^ container. 

A sugar concentration of 4 I n r '?"" """ 

straiDoS A and fi, "“*‘5 satisfactory for both 

g- of crude fat «ithin^>1la,'^, ‘^htaimHl yields of 12.5 to 

T^eae xields. a/TonJing to Kink and hix • ’ ^nagnesium sulphate 

hr (i..d,.„. Ln. p,t“h^ "T'r':"-, ""■■ -l-n th,« 

"hen UMiig .rrain.s of Od.Kpora ‘he sugar utilizeil, 

and nere .^vurefl in a shorter period oHim^ it"'"” '*" 

eight of Oo.jjora u^llroth, when 
Prod trdon from Strair arui fjnt R, n * g-, 

■--I-.. M„„ uf ,., ,,, 0 ,.^^ .r>Pd„m, P™*’^ for thu 

H^WMtR It t, .... ^'*P‘rar,.t derivetl from 

^ - ,«R • - 2d ed., Jok,, ,, 

f-. «..»>, .u.d ■ *“■ 

"■nrr.au n j,..* w n/. 

’ ^ ^ , 8: (Wi-oi, ri937, 
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straw (by a modified Scholler process) and from oat hulls has been 
described by Balls.' Two types of apparatus were used. One of these 
consisted of a rotating drum, made by stretching canvas over a wo(xien 
frame about 4 ft. in diameter, which was open at the ends near the central 
shaft. The nutrient solution was placed on the inside of the drum. In 
order to inoculate the medium, the inside surface of the canvas was 
sprayed or painted with a culture of O. lactis. The drum was rotated 
about two times a minute during operation. The second type of appara¬ 
tus consisted of a row of sheets of canvas hung about 3 in. apart on a 
wooden frame. One side of the canvas was painted with a culture of the 


Table 63.—Data on Fat Production by Oospora Inctis' 


Age, 

days 


Yield in 
dry mate¬ 
rial, grams 

Nitrogen, 
per cent of 
dry sub¬ 
stance 

Crude pro¬ 
tein extrac¬ 
tion, per 
cent of dry 
substance 

1 

« 

Crude fat, ! 
per cent of | 
dry sub¬ 
stance 

1 

Total yield 
of crude fat, 
grams 

pH of the 

nutrient 

solution 

1.777 
3.238 
3.968 ' 

4.771 
5.729 
6.147 
5.886 
5.710 

5.40 

3.32 

3.15 

2.98 

2.81 

2.76 

2.85 

3.15 

33.75 

20.75 

19.69 
18.62 
17.56 
17.25 
17.81 

16.69 

1 

7.5 

10.8 

13.4 
16.7 

22.5 
22.0 

19.6 

16.6 

0.133 

0.349 

0.531 

0.796 

1.290 

1.352 

1.152 

0.948 

5.0 

(6.5) 

5.0 

5.0 

7.1 

7.7 

8.3 

8.1 


1 Fink. H.. H. Habsn, und W. Hoerbubger. Chem. Ztg., 61: 744-747 (1937) 


organism. Nutrient solution was pumped through nozzles onto other 
Je of the canvas and trickled down to a tray below. It "’aa 
continuously from the trays to the canvas unt. the sugar a as neari^ 
consumed. Filtered air was circulated between the canvas • 

process was complete in about 5 days at room temperal^nre. Jh^^ 
Ivas said to be about 20 per cent of fat on a dry basts. For further 

details, the reader is referred to Balls’ report. 

Fat Production by Rhodotorula Gracilis.-The production of ^ f 

Rhodotorula gracilu has been describ,^ by Enebo 

contents of 50 to 00 per cent (on a dty basts) were obtatned tn 

« Balls, A. K., Fiat Final Report No-371, Oct. ^ ^ Myrbach, 

* Enebo, L., M. Blander, F. Bero, H. Lundin, R. Mes^on. and n. 

EsUoTl. G. 11. 1-m.t.v. Mck. BiocHem.. 11 (No. 3): 383 

(1946). 
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tinuous cultivation with about 51 liters of substrate Th« fof « • 

13 per cent, under these conditions ‘ ’ 

j • 


Constituent 

Invert sugar.. 
(NH4);S04... 

K 2 HP 04 . 

MgS04-7HoO. 

NaCl. 

('aCb-GHoO... 
FeCl,-6H30... 

Beer wort (20 per cent).... 
pH (with H 2 SO 4 ) to. 


« « 


• • 


• • 


Grams/liter 
. 40.0 
. I.O 
1.0 

. 1.0 
0.5 
. 0.5 

0.005 
25 ml. 

4.5 


cm. in diameter and 225" cm' h"^ and'''*'h*r*™* **'’*'’ 

The temperature of inouhatt :.a: 27 t"* 2^“ 

«8 hr.; the volume "•- 

fo^ed yeast (d.y snbstanL) 5*7 ^ "r a°dd d 

yield of yeast, 29.1 per cent; the content of 1,880 g.; the 

sbince, 56.6 per cent; the newly formed fat 

l'-3; the degree of reproduction 12 9- th ’ ^ S-i the fat coefficient, 

the generation time, 18 4 hr • the nit^’ number of generations, 3 69- 

cent; and the ash content of tte y2t°f 5 2.’,0 per 

Figure 47 shows the relationshfn hit “"‘■ 

.veast, and fat content as functions rf timr” content, quantity of 

«oo; a;tsurit:;L^i®r ihetr rr ’ p-dnc- 

»U To™,„p« ffpc/crn. ^0^“* closely" elaW 

argest when the yeasts were growm nn content of the cells was 

medium. Large amounts of lipid were^ “hrogen-deficient carbohydrate 

■ ^ 1 dWl.'''' F. Bebo, H. Lcnd.n, It, N,a,.,o» and K M ■ 

S-'-Kcv, R. L. ya„, , 33 
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Fig. 47.-Sugar content, quantity of yeast, and fat content 

of L. Enebo, L. G. Anderson, and H. Lundin, Arch. Biochem., 11 (No. 3). 383 (194 ).) 

THE VITAMINS OF YEAST 

Vitamin production in yeasts varies qualitatively and quantitativelj^ 
as has already been indicated in the discussion on food yeasts. Although 
thiamin, riboflavin, nicotinic acid, pantothenic acid, biotm, pyndoxine, 
folic acid, and p-aminobenzoic acid are produced by yeasts in general, 
many strains form little or none of some of these vitamins However, 
certain strains of yeasts are particularly good sources of thiamin ribo¬ 
flavin, or others of the vitamins when propagated under optimum 

cl * t ions 

Millions of pounds of yeast, especially brewers’ yeast, have been used 
to enrich foods and in pharmaceutical products. Huge amounts have 

been employed in livestock feed. 

Vitamin Bi.—Vitamin Bi (-, - • ,..>rv'ine 

vitamin, whose structural formula follows, is produced 

amounts by different yeasts, depending largely upon the nature 


livestock leed. 

Vitamin Bi (thiamin, or aneurin), the antiberiberi 

A A T ^ V 9 ax 4T 
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=C 

CH.C C 

. Jia 
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Nib 
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C Hi¬ 
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s 
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1 

H 


nijC'IBOH 


1 Audinall, C. R., “The 
1937. 


Story of Vitamin Bi” Merck & ('o., Inc., Rahway, X J- 
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The vitamin Bi potency of yeast is increased when aeration is not 

used but the yield of yeast is small under such conditions 

Riboflavin Synthesis by Yeasts.— Riboflavin (vitamin B2, vitamin G 
lactoflavin) has the empirical formula C17H20N4O6 and the striictura 

formula indicated below: 


HO— 


CH 2 OH 

(*'—H 
(*'—H 



H,C 

H,C 


H H—C^H 

i N N 

•i i N 

V '"c/ 

i A 


II 


When in the form of a crystalline yellow-orange powder, it is bitter m 

s^^-nthtTactose-fer^ yeasts have the ability to 

synthesize riboflavin when grown on a 

of his findings are summarized in i able 00 nicu 


results of some 


Table 65.—Quantity of Riboflavin Synthesized by 

Leasts' 


Culture 

Saccharomyces anamensis No. 145. 

Monilia psendotropicalis (C'astollani) No. 3 

Mycotorula lactis No. 130. 

Saccharomyces lactis No. 131. 

Torulopsis kefir No. 149, . 

Zygosaccharomyces lactis No. 90. 

Z. lactis No. 27. 

Torula sphaerica No. 13. 

T. lactosa No. .. 

T. ('remoris No. 2... 

Saccharomyces fragiUs 

.R 0 OO 8 A, M.. /our. Boc,.. 45 (No. 5): 459-460 (1942). 


So.ME Lactose-fermenting 


Riboflavin 

svnthesized, 

•y'/ml. of culture 
... 0.08 
.. 0.08 
0.06 
0 08 
0 09 
. 0.10 
0.06 
. 0.10 
. 0 09 
. 0 11 
.0.06 
0.09 


' Roaos 


iA, M., Jour. Bact., 46 (No. 5): 459-460 (1942). 
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<'“W«--The formation of riboflavin bv 

Wickerham and his associates ' In ^re ■. ““ "" 

two media. One of the* c^ine rfa they used 

«.5 per cent pepM “^rc^l^fe.Xsr^'^h"''^ 

was 6.8 to 7.0. The semnO marl- i- medium 

that it contained in addition O.^^er'^n't of 

was adjusted with KOH to 8 8 to 7 0 ^ medium 

on atl^:sW fhaL"™^^ 

ated cultures. An ae^atlm “al o^f^h’mf — 

28“C. Foaming w«enLd bv d ““'r 2« ‘u 

1:1,000 concentration of oetadecanol in bJd oil “ 

A. gossypii, Ni4l Y-\'o5gT a'"*T """r ^ from 

aerated at tlie rate of 75 ml. of air^u-e.xtract medium 
riboflavin was increased from about 70 -v culture. The yield of 

4 days by the addition of 03 '* '■’<>> P- ml. in 

calcium carbonate to the yeast extr.act ' r ”■' Per cent of 

rate of 7S ml. of air per minute per culture 

■actos:' couw rr 

Produaion by Eremothecium ashbyn Zmboh 

trially from Eremolhecium ashbyii a yeast ift!^ P™'''‘<'«l uidus- 

Ascomycetes. The latter was described'iw p 'T'™ '’"'™W"K '» the 

together with Fontaine and Raffv dsasf,,^! Gmiherraond (1935), who, 

Pigment related to the flavin group ’ Vh" “1“ “ 5'^"o'v 

extiacted the crystalline flavin fiom £■ aM Kaffy ( 1938 ) 

er (1944) that E. aMyii required biotin hy Schop- 

described"; CerfaWsT, ultodlmedT^"'" 

‘ GUILUER.MOND, A M FoMT ' ^^’Om SUb- 

»: Il^e,. • '• »■ P-Kiaoca, .„a tt, y,. 
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stantially carbohydrate-free media. Based on the total weight of 
nutrients the medium contains 10 to 90 per cent of proteinaceous mate- 

rial, a metabolisable lipid, and nutrients such “ P''f 

tie.: of salts (0.05 per cent KH,PO., .07 per 

cent NaCl, and 0.001 per cent FeSO.-. H,0). Lxamp es o 

lipids used, and yields obtained, are shown m the follonmg table. 


Table 66a. —Ribofl.win Pbodvction 


FROM Different Media' 


Lipid source 


Grams/ 
100 ml. 


Peptone 
2.4 g./TOO ml. 

(microgranis/ml.) 


Salts and 
egg albumen 

fO.6 g./lOO ml.) 

(m icrograms / ml.) 


Initial 

pH 


Final 

pH 


• « 


110 


134 


107 


Corn oil. ^ ^ 

Mazola oil. 0.6 

Olive oil. 

Peanut oil. 0.6 

C'ocoa oil. ^ ^ 

X RnDERT. F. J.. U.s. Patent 2.374.503, Apr, 24. 1945. 

In carrying out production, the 

Rudert’s invention; The media are a ^ ^ ^ ^ sterilized at 20 

and dispensed in containers “ inoculated with 0.7 per cent 

lb. pressure for 45 min. coole ^ o the temperature is 

of an active culture of B. ashbyru ,,ith 1.5 to 2 

rnlrtah per minute per ^T-are foot^of -sh-rface,^ At the 

riboflavin. described by Piersma (1946), E. ashbyitj^ 

In a patented method, descri „_„tpinaceous material, a carbo- 

grown on a medium ;P,,neous material may be liver, 

hydrate and malt extract. P , related nature. The 

pancreas, spleen, lung, maltose, sucrose, molasses, corn 

carbohydrate source may g ’ j ^ xhe concentration 

Nyrup, etc, ^ a combmaDoW 

employed may be 1 ner cent of malt extract (optimum l.o to 

cent carbohydrate, and 0.5 to 5 p _ - 5 5 ^ and the temperature 

2.0 per cent). The pH of t le m ^ The yield of riboflavin is 

27 to 30°C. Oxygen is supphe > ^ example, in a mash contain- 

-gCr cfnt‘L^ :r (til from aqueous extract of liver,, 0.5 per 
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. 3 w‘;rmu"'' 88 ‘ hr' 

orsucro^ A n • dextrose, mannose, levulose 

rn,ofllTinTrliucttm 

!/». 7 /i>rmow/.r(A T (■ r Pr“'"™« riboflavin from C. 

prowl ,0 be ■•highly liSory' ' "’" “'"Portion 


KII:i*0. 

^JrS 04 7H,() 
< «<’l, 2lf4) 

(N’H4»,*^)4 

KI 

A^parnpiie 

IVxtrtiee 


('iranis/ 
Lit«T 
0.5 
0.5 
0 3 
2.0 
0 1 
2 0 


Horon*. . . . 

ManKano«f* 

Zinc* 


^'*F'Pji'‘<l M .-hlori.lo^ or soluM.'lhs 
JMjppl.od «.s niothyl ,^t<T or onido .-oncontraf... 


( opp«>r'. 

Molybdciuun' 

Iron'. 

Hiotin* 


Parts per 
Million 
0.01 
0.01 
0.07 
0.01 
0.01 
0.01 

1 niicrogram 


^ ^ « 

-o pa" hCgh", hTra,;:::;^ "■'’™ p" "■- “djustefl ,o 6.0 

In<.rca.,ed viehl „? Lflai ? T"'’' '''''<' '™Perat„re 

amounts of sterile potassium evanifle ' ‘“'''“S ^a" 

Vtgr.ru.,., fermentation was obtained usuRll‘'"'ff ""^'"m after 

tton time wa- li to 7 tlays. ’ '“f- The fermenta- 

flavin fromTw«u'tf"™rt.''“ThrLrtt!/ '’’'"‘'‘'ring ribo- 

suitable ra,uli,la specie in a m J, ' ■''arm', or other 

a^imilable source of nitrogen, non-hon“"''“"'"* “ sugar, an 

than 10.3 mierograms of iron ^r 100 ml '’mtin, and less 

The preferretl .species of Cnn/fh/u are r • 

l>ut^other .suitable rpecies may Cnl^'" ''''' ff“»rmnndfn, 

mediLm.'’^i “ i;™ the iron content of the 

may be obtained in se "cra^^ ™ A low iron con! 

' “<• A .M, v,ca uLe “b“f ff‘‘l!/“"-'-g ^ Cl 
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by the treatment of the medium by its passage through an ion exchange 
apparatus for the removal of iron (for example, with the use of Nalcite 
MX, Nalcite iron remover, or Nalcite AX^); ( 2 ) by the selection of the 
ingredients of known low iron content; or ( 3 ) by the treatment of the 
medium with chloroform and 8-hydroxociuinoline. In the latter pro¬ 
cedure, the medium (about 200 ml. of the basal) is shaken in a separately 
funnel with a mixture of 10 mg. of 8-hydroxo(iuinoline in about 2 ml. 
of chloroform. The mixture is allowed to stand until the chloroform 
separates out, after which the latter is withdrawn. Additional chloro¬ 
form is added, the mixture shaken and allowed to settle, and then the 
chloroform separated out. This procedure is repeated, 8-hydroxo(iuino- 
line being added in alternative extractions, until the chloroform layer 
that settles out appears to be colorless, which indicates that not more 
than 0.3 microgram of iron per 100 ml. remains in the medium. 

N'arious media may be used as long as they conform to the general 
specifications outlined above and contain less than 10.3 micrograms of 
iron per 100 ml. Tanner and Van Lanen, in several experiments, used a 
ba.sal medium that contained dissolved in 200 ml. of water, 40 g. ot 
glucose, 2.0 g. of asparagine, 2.0 g. of urea, 0.5 g. of KH2PO4, 0.5 g. of 
MgSt)4-7H20, and 1.0 microgram of biotin (free acid). Ihis basa 
medium was treated with chloroform and 8-hydroxociuinoline to remove 
most of the iron and made up to 1 liter with triply distilled 'vater in a 
container that would not contribute iron. One hiindred-m. . 1 . er 
portions of the medium were di.spensed in 50 ()-ml. Erlenmeyer flasks, 
sterilized at for 15 min., cooled, and inoculated with a suspension 

,)f yeast cells which had been washed previously with triply distilled 

water in a cent rifuge to remove loosely adherent iron 

As an alternate procedure, the glucose is dissolved m 1 liter of Awitci 
and then treated by passage through an ion exchange column containing 

Nalcite MX (or other mhtahle iron [‘'"'"y';' '' '’'''^0 7 /( 0 ^ s) 

Tnenlioneil ahovo are then added, and the pll .a a.Ijnated to o 0 (4.5 to 5..5) 
with NadTI or other alkali. The inedinm is sterilized, cooled, and moc- 

nluted as described above. . .* inns 

Tanner and Van Lanen state in their patent that various substitu ions 

may be made in the basal medium. Fermentable 
•trabinose dextrose, leviilose, maltose, mannitol, sucrose, or xylose ma> 
‘be used ' Ammonium chloride, ammonium nitrate, ammonium ; 

lir ammoniiim phosphate may be employed as the source 
'i iron while HsparuKine, Klufiiniic acul, or hy<lrolyze(l ^a^(..ln n a> 

-t :.nrco of nit ro^cn. Phosphor,, nnrv he supphcl 


( 
aH 


'jZsphoric a .1 dipotaasiutn hy.lroaon phosphate, or atnn.on,um 


